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GENERAL INTRODUCTION TO THE SERIES. 


During the past few years the civilised world has begun to realise the 
advantages accruing to scientific research, with the result that an ever- 
increasing amount of time and thought is being devoted to various 
branches of science. 

No study has progressed more rapidly than chemistry. This 
science may be divided roughly into several branches : namely, Organic, 
Physical, Inorganic, and Analytical Chemistry. It is impossible to 
write any single text-book which shall contain within its two covers a 
thorough treatment of any one of these branches, owing to the vast 
amount of information that has been accumulated. The need is rather 
for a series of text-books dealing more or less comprehensively with 
each branch of chemistry. This has already been attempted by 
enterprising firms, so far as physical and analytical chemistry are 
concerned ,* and the present series is designed to meet the needs of 
inorganic chemists. One great advantage of this procedure lies in 
the fact that our knowledge of the different sections of science does not 
progress at the same rate. Consequently, as soon as any particular 
part advances out of proportion to others, the volume dealing with 
that section may be easily revised or rewritten as occasion requires. 

Some method of classifying the elements for treatment in this way 
is clearly essential, and we have adopted the Periodic Classification 
with slight alterations, devoting a whole volume to the consideration 
of the elements in each vertical column, as will be evident from a glance 
at the scheme in the Frontispiece. 

In the first volume, in addition to a detailed account of the elements 
of Group 0, the general principles of Inorganic Chemistry are discussed. 
Particular pains have been taken in the selection of material for this 
volume, and an attempt has been made to present to the reader a 
clear account of the principles upon which our knowledge of modern 
Inorganic Chemistry is based. 

At the outset it may be well to explain that it was not intended 
to write a complete text-book of Physical Chemistry. Numerous 
excellent works have already been devoted to this subject, and a 
volume on such lines would scarcely serve as a suitable introduction 
to this series. Whilst Physical Chemistry deals with the general 
principles applied to all branches of theoretical chemistry, our aim 
has been to emphasise their application to Inorganic Chemistry, with 
which branch of the subject this series of text-books is exclusively 
concerned. To this end practically all the illustrations to the laws 
and principles discussed in Volume I. deal with inorganic substances. 

Again, there are many subjects, such as the methods employed in 
the accurate determination of atomic weights, which are not generally 
regarded as forming part of Physical Chemistry. Yet these are 
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subjects of supreme importance to the student of Inorganic Chemistry 
and are accordingly included in the Introduction. J 

Hydrogen and the ammonium salts are dealt with in Volume II. 
along with the elements of Group I. The position of the rare earth 
metals m the Periodic Classification has for many years been a source 

+ L C ^ CU y ; T h ' y ha ^ e TT a11 been included in Volume IV., along with 
the Elements of Group III., as this was found to be the most suitable 
place lor them. 

. Man y allo Y s a nd compounds have an equal claim to be considered 
in two or more volumes of this series, but this would entail unnecessary 
duphcation For example alloys of copper and tin might be dealt 
vitli m Volumes II. and V. respectively. Similarly, certain double 
salts— -such, for example, as ferrous ammonium sulphate— might very 
logically be included in Volume II. under ammonium, and in Volume IX. 
under iron. As a general rule this difficulty has been overcome by 
treating complex substances, containing two or more metals or bases, 
in that volume dealing with the metal or base which belongs to the 
highest group of the Periodic Table. For example, the alloys of copper 
and tm are detailed in Volume V. along with tin, since copper occurs 
earlier, namely, in V olume II. Similarly, ferrous ammonium sulphate 

Vn mTu d “J°„ lume IX. under iron, and not under ammonium in 
volume II. The ferro-cyamdes are likewise dealt with in Volume IX. 

Jut even with this arrangement it has not always been found easy 
to adopt a perfectly logical line of treatment. For example, in the 
c nomates and permanganates the chromium and manganese function 

hi !!i!i,!l the a ? ld radlcles and are . analogous to sulphur and chlorine 
in sulphates and perchlorates ; so that they should be treated in the 
volume dealing with the metal acting as base, namely, in the case 
ot potassium permanganate, under potassium in Volume II. But the 
alkali permanganates possess such close analogies with one another 
that separate treatment of these salts hardly seems desirable. They 
are therefore considered in Volume VIII. y 

Numerous other little irregularities of a like nature occur, but it is 
"?JP ed that> b y “; eans of carefully compiled indexes and frequent cross- 
efeiencmg to the texts of the separate volumes, the student will 
experience no difficulty in finding the information he requires. 

articular care has been taken with the sections dealing with the 
a onuc weights of the elements, in question. The figures given are not 
necessarily those to be found in the original memoirs, but have been 

StaS&vSS? " ,here otheraise stated ’ usin ® ‘ he tollo ™e 


Hydrogen 

Sodium 

Potassium 

Silver 

Carbon 

Nitrogen 


= 1-00762. 

= 22-996. 

= 89-100. 

= 107*880. 

= 12*003. 

= 14-008. 


Oxygen 

Sulphur 

Fluorine 

Chlorine 

Bromine 

Iodine 


= 16*000. 
= 32*065. 
= 19*015. 
= 35*457. 
= 79*916. 
126*920. 


By adopting this method it is easy to compare directly the results of 
earlier investigators with those of more recent date, and moreover it 

S the whofe a stries. elements strictly comparable through- 

Our aim has not been to make the volumes absolutely exhaustive, 
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as this would render them unnecessarily bulky and expensive ; rather 
has it been to contribute concise and suggestive accounts of the various 
topics, and to append numerous references to the leading works and 
memoirs dealing with the same. Every effort has been made to render 
these references accurate and reliable, and it is hoped that they will 
prove a useful feature of the series. The more important abbreviations, 
which are substantially the same as those adopted by the Chemical 
Society, are detailed in the subjoined lists, pp. xvii-xix. 

The addition of the Table of Dates of Issue of Journals (pp. xxi-xxviii) 
will, it is hoped, enhance the value of this series. It is believed that 
the list is perfectly correct, as all the figures have been checked against 
the volumes on the shelves of the library of the Chemical Society by 
Mr. F. W. Clifford and his staff. To these gentlemen the Editor” and 
the Authors desire to express their deep indebtedness. 

In order that the series shall attain the maximum utility, it is 
necessary to arrange for a certain amount of uniformity throughout, 
and this involves the suppression of the personality of the individual 
author to a corresponding extent for the sake of the common welfare. 
It is at once my duty and my pleasure to express my sincere appre- 
ciation of the kind and ready manner in which the authors have 
accommodated themselves to this task, which, without their hearty 
co-operation, could never have been successful. Finally, I wish to 
acknowledge the unfailing courtesy of the publishers, Messrs. Charles 
Griffin & Co., who have done everything in their power to render the 
work straightforward and easy. 

J. NEWTON FRIEND. 

September 1928 . 
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rX rx i — 1 rX rX 

oo as o rx Cl 

rX rX CM Cl Cl 

Arch. 

Pharrn. 

101-104 

105-108 

109-112 

113-116 

117-120 

121-124 

125-128 

129-132 

133-136 

137-140 

141-144 
145-1 48 
149-150, 201 * 
201-203 
204, 205 

n as x co in 

O O rX »X rX 
CM CM CM CM CM 

SO 00 O CM -x 
O O rx rx r-I 
CM CM CM CM CM 

<>. as 

pH rH 

CM CM o rx CM 
- -CM CM CM 
CO 00 CM CM CM 

CM CM 

coxintoi^ 

CM CM CM CM Cl 

CM Cl Cl Cl CM 

* C/3 

g o 

00 o 

H (N IN ^1 XI 

O CM T}1 CO 
00HHHH 

00 o 

H CM CM X CO 

O CM X CO 
0O i — i H rX rX 

OO o 

rX Cl CM xji CO 

O CM xH CO 

CO rX rX rX rX 


N CJi m CO lO 

CO 

O* pH CO VO 
r H rl 

M 05 r-I CO id 
pH pH ^ 

N OS rX CO" id 

i'- as rx" CO io 

rX rX ,, 

OO 

id' os" rx" CO ia" 
rX » — i H 

§'.§ & 

O W tO 05 

CO CO CO CO CO 

1 1 1 1 1 

cm m oo 

CO OS i — l r-H rX 

H XN O 

CM CM <M CO CO 

CM IO 00 
C0 05 HHX 

H XNO 
<M CM CM CO CO 

Cl HO 00 

CO OS rx rx rx 


M H 4 N H 

>o CO CO CO 

x* l> O CO CO 

as cm io oo h 
rH CM CM CM 

1 1 1 i ! 

X N O M CO 

rl rl rl 

1 1 f f 1 

OS CM IO CO rX 
rx CM CM CM ^ 

1 1 1 1 1 
xn N O 05 CO 
rX rx rx 


xfl 


iO 


cd 


j 

Annalen 

Suppl. 

;H(N(NCO 

xtf 

-xf< ICS CO " 
CO 

!>. * oo • • 



: : : : : 

S 

*c5 

tO O t(I OO (N 
<-x CM CM CM CO 

i V 'T T T 

tOO^COOJ 
OO rfi -cr in 

i — I rl i — 1 H rl 

I | | | | 

tOOxHOX 

in to CO N N 

rx rX rl rX rl 

as co os x os 
w oo oo as os 

rX tX rX pX rl 

m o n x to 

O H x CM CM 

CM CM CM CM CM 

rx co ci as io 

CO CO xfl xfl ICS 

Cl CM CM CM CM 

G 

G 

W N ri W C35 
r-H 1-1 CM CM <M 
i— 1 i— 1 i— r-t r— ( 

OO N H in Gi 

CO CO Xh xfi xrt 
i— 1 r-H I— l r— 1 i— t 

05 N H iO H 
IO a to to N 
rX rX rX rX rx 

noxo io 
n oo oo as os 

rX rX rX r— rX 

1 1 1 1 1 

O to H to (N 

O O i— 1 rl CM 

CM CM Cl Cl Cl 

1 L 1 1 i 

N Cl N 05 O 

Cl CO CO xfl io 

Cl Cl CM Cl Cl 

Analyst. 




; x (M 05 X 

m to n co 05 

O rX ci CO xh 
rl rl rl rl rl 

Amer, 

J. Sci. 

O CM xti CO CO 

00 CO CO CO CO 

O (N XI to oo 

XT XH XP Xtf X)1 

O 

in cm x co co 

O (N X to 00 

H rX r— 1 rX rX 

O CM X to 00 

Cl Cl CM CM CM 

O CM xH (to CO 

CO CO CO CO CO 

cdrx co id 

CM CO CO 00 CO 

as h co io i'-. 

CO xH xtf xB Xh 

aT i— T co" mT id 

Xf< 

co 

as" r-T co" scT id 
rl rx rX H 

as rx co id t'- 
rx CM CM CM Cl 

as rx cd" id id 

Cl CO CO CO CO 

1 







Amei 

Chem. 




: : : : ^ 

d co x m to 

rX CM CO xh VCS 

i>» 00 

^ ^CS O rX 

co tC HH 

1 

Y ear. 

O H CM CO xfi 

CO CO CO CO CO 

oo 

m to n oo o 

CO CO CO CO CO 

oo 

O i — i CM CO xri 

tx. i>. tN. *>_ ^ 

00 

into noo as 

1". W tx. tx. t . 

00 

rX 

O rx CM CO xn 

00 00 00 oo oo 
oo 

m to n oo as 

OO 00 00 OO 00 

00 


Joining Series 1 and 2 together. Also written as (3) 1, 2, 8, etc. 
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Phil. Mag. 
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IN N 1M (M (N 
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O (M Hi CO 00 

CO co CO CO CO 

C3 H CO Ifl N 

CM CO CO CO CO 

O (M Ml CO 00 
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as" r-T co" vo jkT 
CO Ml Ml Ml Mi 

o 

VO CM Ml CO 00 

03 H CO N 

Hi 

vO* 

O (N HfC CO 00 

rH r — 1 rH rH rH 

03* r-l CO VO !>■' 
rH rH rH rH 

O CM Hi co CO 
<M CM CM CM CM 

03 r— T 

rH (Ml CM CM CM 

Nature. 

: : : : : 

; l l l h 

rH 

CO l O Jt>* Cfc 

<M -Ml CO 00 O 

th" co" io" i>r - 
C5 

CO UMNO H 
rH rH rH rH CM 

CM" HI* CD* CO* O* 
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rH r—i rH rH rH 

CO VO 03 rH 
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cm" hi" co" 00 o' 

CM CM CM CM CO 

rH* CO* VcTlCaT 

CM CM CM M CM 

00 VO t"« Os r—l 

CO CO CO CO HI 

cm" hT CO 00 " 0 " 

co CO CO CO HI 

th co* vcT i>» as" 
co co co co CO 

Mon. 
scient. * 

H i ; VO co 

NOOCJOh 
rH rH 

(NCOMIVQCO 

H jH rH r-1 r-H 

NOOOOH 

hhhimn 

CM CO Hi vo CO 
oq CM CM CM CM 

O CM HI 
^ ^ CO CO CO 

^ « 03* rH* CO* 

CM co CO 

Monatsh. 


! : : i : 

: : i • : 


rH CM CO HI VO 

CO K CO © 0 

J. Soc. 
Chem. 
Ind. 

i i ; I i 

: : : : : 


: : : : : 

• * rH <M CO 

H UO COKOO 

M M fl . 

a g?| § 

►-a 


i : : 

(M CO Mi VO CO 

n oo a o h 

rH rH 
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94-96 
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csT 

CM Hi CO 00 O 

H H H rl N 

i—i CO VO 03 

HHHrtn 

CM Hi CO 00 O 
(M <M CM CM CO 

H CO ICS N© 

CM CM CM CM CM 

CM Hi CO OO O 

CO CO CO CO HI 

H CO VO K © r 

co co co CO CO 

J. Pharm. 
Chim. 

CO O N Ml (O 
CO HI HI H H 

l>T CO rH CO* V© 

co co H hi H 

o 

IN Ml CO OO H 

H CC lQ NOl 

-Mi 

IN Ml CO 00 O 
HHHrnN 

r-T co no tC oT 

rl rl r— 1 H H 

CM HU CO 00 O 

CM CM CM CM co 

rH* Co" lO t-T 03" 
CM (M CM CM (M 

O 

CM HI CO 00 rH 

H O ITS N C3 

»0 

CM hi CO 00 O 
rt H rH H CM 

H CO id K © 
Hh rlHH 

J. Chem. 
Soc. 

: ; v o on 

• * rH rH iH 

00 03 o H <M 

H H N N N 

comivocon, 
CM CM CM CM <M 

O CM Hi CO 
qq co co CO CO 

01 O 3 " rH" CO 10 " 
CM CO CO CO 

0O O CM HI CO 

CO hH hi hi hi 

t-» 03 rH CO* VO 

CO CO HI HI HI 

00 O CM HI CO 

H< U© v© vo vo 

K© H CO* v£3 

Hi HI VO VO VO 

J. Amer 
Chem. 
Soc. 

: : : : : 


: : : i 

: : , i- 

CM CO HI VO CO 

N OO © O H 
rH rH 

Gazzetta, 

J *: i = i 


: 1H CM CO HI 

VO co W 00 03 

O rH CM CO HI 
r-HHrlH 

10 CO K CO © 
rH rH rH rH rH 

'ai 

5 

P'i 

155-158 

169-162 

163-166 

167-170 

171-174 

175-178 

179-182 

183-186 

187-190 

191-194 

195-198 

199-202 

203-206 

207-210 

211-214 

21 5-2 IS 
219-222 
223-226 
227-230 
231-234 

CO CM to O HI 

CO Hi HI VO VO 
CM CM (M CM CM 

VO © CO NH 
CO CO Hi HI V£> 
CM CM (M CM CM 

255-258 

259-262 

263-266 

267-270 

271-274 

4-3 

gnj 

£ (3 
o o 

o * 

H CO O N 03 
lOtaiQiaia 

O (N Ml CO 00 
IQlOlOlOiQ 

H CO ic NOi 
CO CO CO CO CO 

O of Hi* CD* go' 
CO t© 50 CO CO 

rH C0 lO t s '* 03 

K- Jt»- K- 

O CM CO 00 

*>- t>. i>. ^ 

H CO kONOl 
00 00 00 00 00 

0 " of hT to* ocT 
co 00 00 00 co 

H CO OK© 
03 03 03 03 03 

o' of hT CO* 00 * 

03 03 03 05 Oi 

rl CO VO K © 
OOOOO 
rH r-H H H rl 

O* CM* H* CO* 0Q* 

00000 

rH rH H rH rH 

Year. 

O H (N CO ^ 
co CO CD oo <o 
00 
rH 

K3 CDN0OO1 
to co CO CO CO 
00 
i—t 

O r-l (M CO MI 
£* K. K, !>. |>. 

co 

rH 

V£i CONOOO 
K» t"— t>. i>. 

00 

rH 

O rH CM CO HI 

00 00 00 00 00 

OO 

IOCOK00© 

00 OO 00 00 00 

00 


* See footnote, p. xxii. 
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.J ^ 333 2 22 S3 SSSSS 3^2 2 §§SSS §*g* 3 *g'g' 

s +* 

2*3 

o N 

05 O H CM co 
rtrtHH rH CM CM CM CM 

SWCONCO 
CM CM CM Cl CM 

CM K CO W CO CO ^ 22 05 O rH CM CO 

CO CO CO CO CO COTd^Ttt^ 

fi-g-s 






6^3 



: : h vo no 

N00 05 0 H CM CO H VO CO 

rH rH rH rH rH rH rH 

Chem 

Trade 

J. 

^ o> Ih S ^ ^ rH CO VO 

Wrtr|H rH rH CM CM CM 

^°° 2 sf ■** od'o'^Hf r 

M rt H h (M CM CM 

HCOW 

CM CM CO CO 00 

g co o" cm" h»T 
CM CM 00 CO CO 

fogdSS SgSgg ggsgg 
»SS"S"3 S'sfg’gtf g'gg'g'g* 

d w 

| * 

£ CD 

•SSSS ssssg 

<o*o§feg £££££ 

CM H 50 0O O 
«5 CO 00 O 0 C5 

rH CO VO jfC 05* 
00 00 oo oo OO 

o 

N Hi 50 00 o 
05 05 05 oa rH 

rH CO VQ 1 >T oT 
05 05 05 05 05 

101 , 102 
103, 104 
105, 106 
107, 108 
109, 110 

111 , 112 
113, 114 
115, 116 

117 

118, 119 

Bull. 

Soc. 

ehim. 

Hdon22 ^ CO 00 O CM 

A rtrlHW ^ 

CO VO N 03 rt CD vrf tC oT r-T 

l-H rH H H H (M 

^ $S 2P ° CM 
CM CM CM CO CO 

ccf vrf tC of r-T 
CM CM CM CM CO 

hH d5 CM 

CO CO n H 

co" ici^eoxci 

co CO H 

O CM H CO 00 O CM H CO 

OO rH rn rn rH rH CM CM CM CM 

tCar A 52 s' WaTr-T co o 

rH rH rH rH rH CM CM CM 

Ber. 

SSSSg? 

WrJIiOot^ 
CO CQ CO CO CO 

OO 05 o H Cl 
CO CO H H -rfi 

Hh!3S2: 00 05 O rH CM 

H H H H H H H VO VO VO 

Arch. 

Pharm 

« N ra en W ‘TO H vo CO i>» 

8S3S38S5 

CO 05 O rH CM 
=2 nr hh th 

CM CM CM CM CM 

CO H VO CO tv. 
CM CM CM CM CM 

® ® O S N co H VO 

M CM S CM CM : : 

Ann. 

Mines. 

" « ” ■* <o oo S S 3 S 

jC®g««T tCoTj-Tw-ja* 

17, 18 
19, 20 
( 10 ) 1,2 
3, i 

6 , 6 

O CM H CO 
OO rH TH rH rr 

05 »— i CO lO 

r — 1 rH j — i 

ooo N 

rH CM CO 

A A co" vo" -" : : : : 

i H 

=»SS 2 

S««?Sg 

HHno 0 ? 

CM CM CM CO A 

05 CM vc> OO — s 
rn CM Cl CM 00 

oovhhS 

A J i ii 

^NOW to 

HTjlJs© 

CM CM Cl CO 

iii i : : : * • 

05 cm vo oo * * - . : : 

g ! 

~ — 


llHH 

r-C CM CM CM 

3 ! 

"d j 

<i ! 

1 

+3 

256-26C 

261-26C 

267-271 

272-277 

278-283 

284-288 

289-293 

294-298 

299-303 

304-309 

310-313 

314-319 

320-325 

326-329 

330-337 

CO O N S3 h 

co -H A 00 H 

CO rH VO VO CO 

CO CO CO CO CO 

372-377 1 
378-385 
386-394 
395-401 

J* 

'd 

fl 

<1 

£ £ CM CO H 
MHHrt CM CM CM CM Cq 

*0 eo M>. 00 05 

CM CM CM CM CM 

o H CM CO H 
co CO CO co CO 


So 
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rH rH rH rH 
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CM CM CM CM CM 

05 rH co" VO IhT 
rH CM CM CM CM 

®SosmJ 5 

3 S 

ESb 

Ho 

1 

- CM 

S33J22 N00 0)O W 

Mrt hhhcm * 

r—i 

CM 

SJ «o OO O CM 

CM CM CM CO CO 

CO VO J>» 05 r-T" 

CM CM Cl CM CO 

H CO OO o CM 

CO CO CO H h 

CO VO M>» 05 r—T 

CO CO CO CO H 

3««gJ 0 1 § • 

co vo 05 'S *S e8 : : : : 

H H H H =5 45> O 

Year. 

^ 05 05 g ££ S £ 00 °> 

00 05 05 05 Oi 05 

rH 

O H CM CO H 

o o o o o 

l—t 

J5 ©Noo Oi 
^ o o o o 
o 

rH 

Sssss ! 2 1 “'>ooo J 



TABLE OF DATES OF ISSUE OF JOURNALS. 


XXV11 


Phil. 
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O (N ^ CO OO 
CO CO CO CO CO 

of r- 1 CO vrTl>r 
<M CO CO CO CO 

O CM Hi 50 CO 
HI H H HI H 

C5H COWN 
CO H H H H 
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rH rH rH rH rH 
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S 
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<M vi 00 05 05 

00 00 00 “ 0 “ of 

CO 05 05 

94, 95, 96 
96, 97, 98 
98, 99, 100 
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102-104 

Mon. * 
scient. 

CO 00 O (M 

CO CO Hi H H 

VO tC 05 r-Tco" 
CO CO CO H H 

50 CO O CM H 

H vo vo O 

VO N OJ 1 iH CO 
H H H vO VO 

50 rH 

° N. 00 05 

VO VO VO vo 0 " 

VO 50 

CO VT5NC5H 
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N N N N CO 
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CM CO HI VO 50 

00 00 00 00 00 
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42 
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50 N- OO 05 O 
CM CM (M CM CO 

H CM CO HI VO 
CO CO CO CO CO 

50 l'- 00 05 O 

CO CO CO CO HI 
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J. Soc. 
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rH i — 1 H H H 
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HI VO 50 N. 00 
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CM CO CO CO CO 

HI VO 50 N* CO 

CO CO CO CO CO 

CO . . 
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prakt. 

Chem. 

(M H 60 00 O 

H H H XU ia 

rf co" vo nT oT 
H H rH -rH H 

CM H 50 00 O 
VO vO VO VO 50 

r-T CO* VO of 

VO VO vo VO vO 

CM HI 50 CO O 

50 50 50 CO N 

r-t CO VO N* of 
50 50 50 50 50 

<M HI 50 00 O 
N» N» N- !>• OO 

r-T co vcf nT of 
IN N* l'* N» i'H 

CM Hi 50 CO O 
00 OO co 00 05 

HCOiONOi 

00 00 00 00 00 

0 

(M Hi 50 00 0 

05 05 05 05 rH 

rH CO VO N. 05 

05 05 05 05 05 

J. 

Physical 

Chem. 


: ; ; • ; 

H VO 50 N OO 

05 O rH CM CO 
rH rH rH rH 

hi vo 50 N» 00 

rH 1 — 1 rH rH rH 

05 O rH CM CO 
rH CM CM (M (M 

s’ a 

CM H co CO O 

CM CM CM CM CO 

rH CO IcT nT Oi 

CM CM <M CM Cl 

CM o 

-HI 50 00 rH 

^-nco vo oToT 

CO 

CM Hi 50 00 O 
rH rH rH rH CM 

<-T co vo" tC 05 " 
rH rH rH rH rH 

CM H 60 00 O 

CM CM CM CM CO 

H CO VO N 05 

CM CM CM CM CM 

CM O 

-HI 50 00 rH 
rH „ — — „ 

.Co" VC5NQ5 
W 

CM HI 50 CO O 
rH rH rH rH M 

rH CO VO N 05 
rH rH rH rH H 

J. Ind. 
Eng. 
Chem. 


: : : : : 

E E = E : 

2 2 2 1 rH 

CM CO HI vo 50 

NOOOiOrH 
rH rH 

a 

2 c5 
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See footnote, p. 
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* Remainder of vol, 55 appeared in 1920. 
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Till*; thrrr Klrmnils lithium, sodium, umt put nvsium limr liltlr rr* 
semhlaurr It* ropprr, m! v* r, attd j*old m thrir ifiorimnir drri vntivrs ; lint, 
with tl»i« murpHon * if thry show ttutfr rrs* mhlnm r in thrir 

inrtuUie romponnds, 

Lithium, sodium, rubidium, and uiAiutu Lrm two types of rum* 
pounds* (!) HSI, pi) whilst potassium only tfivrs tvjir Pi), 

Lithium mu! sodium drrivutivrs of typr JIM u rr prrpnud In trnitiiin 
thr rorrrHpotidtuu mrmtry alkyls nr aryls with thr iiirlii! 1*1 *!ry l»rn/.nir 
nr Heroin, Huhidium and rasium, howrvrr, urr uliluitird l»y mlrtmrtum 
of tin* uirtul mid /inr alkyls, Lithium ttwi hy I is hrst isohdrd fr«uii 
lithium i thy! uml mrrrury dimrthvl m Hfisobur solution, Thr mmt 
si rikiuu property of thrsr metals is Ilnur idhiuly f*»r *e\y i»ru, and tins 
property is also exhibited in llirir nrniitut rosnponnds fur Uiry are in* 
flammable hi air. Thr lithium rompounds nrr more rrystallmr than 
t hone of sodium, hilt I hr fatter nrr more iitxoluhlr Hi indifferent solvent*. 
It Is interesting to note that whilst lithium and its iimr^a mr salt* roluiir 
tin* Ilium ml, lithium phenyl burn* with n yellow flume, 

Srhlmk am! Mums* in tfili 1 found I hat Iriphruvlmethyl ehlortdr 
rruetrd wit It sodium iiiualpim in dry ether mi|itti«»n, when thr op* ration 
wits carried out in nil ntmmtphrrc nf nitrogen, The resulting mm 
pound* sodium triphrnylmef hyb wan a brirk-rut mass, d* romp* out In 
mointure nr carbon dioxide, Krntta and Ktiwiimurit us ttigJH shown! 
t hat trijiiirnyiimdhyl chloride react# with sodium and potu , mtm in 
liquid ammonia, hut that thr jMit«t**ii.tm compound j* «i»»ifr stable I him 
the* .sodium derivative. A mi miter of compounds similar in si rnrtnrr 
to triphenvlmet li\ ! have since Item shown It* give Mtinlar react ions, 
Huhidium amt casium also form similar derivatives,® 

Copper, silver, and gold nrr contrasted with thr thrrr mrrgomy 

2 N» Mmk «iift /trr., tUN, &J t W*W 

s Komi* nut! Kntiotmura, J> Am#r I'ktm $*# t %$> tlM 

1 Ontwr, tkt. t m* t m* 3333* 
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elements in being stable towards air, water, and some acids, and in these 
respects bear some analogies to the metals of Group VIII. In organo- 
metallic chemistry this likeness is only shared by gold, since this is the 
only element that forms stable compounds. Copper and silver phenyls 
have been reported by several investigators, but they are very unstable 
compounds and little is known about their general behaviour. It will 
be noted that this instability is shared by the phenyl derivatives of the 
alkali metals. 

Gold 1 forms two tervalent types of compounds, R 2 MX and RMX 2 , 
both of which are fairly stable solids. Type R 2 MX shows the analogy 
between gold and thallium, the latter metal giving only this type of 
organic compound; moreover, no monovalent derivatives of gold or 
thallium have been isolated. Diethylauric bromide is prepared by the 
interaction of auric bromide and magnesium ethyl bromide, and this 
substance is changed to the second type by treating it with bromine in 
chloroform solution, the halogen replacing one of the ethyl groups. 
Both compounds precipitate silver bromide from solutions of silver 
salts, and the diethylauric bromide forms an addition compound with 
ammonia, when warmed with its aqueous solution. No aryl derivatives 
of gold have yet been obtained, although when isolated they will be 
found to be quite stable, and probably have no melting-point below 
300° C., like the corresponding thallium compounds. 


Lithium . 2 

The lithium alkyls resemble the sodium alkyls in being colourless 
compounds, but are contrasted to them in being to some extent 
crystalline. W ith the exception of the difficultly soluble lithium methyl, 
they are readily soluble in benzene without decomposition. 

Lithium methyl, LiCH 3 or LiMe. — When a benzene solution of 
lithium ethyl and a gasoline solution of mercury dimethyl are mixed, a 
white microcrystalline powder immediately separates, in accordance 
with the equation : 

2LiEt +HgMe 2 =2LiMe +HgEt 2 

soluble soluble insoluble soluble. 


In the dry state the compound is completely colourless, in air it inflames 
burning with explosive violence. The flame is red and accompanied bv 
a shower of yellow sparks. 

JHV 1 * 131 *? et ^’ is P re P are d by the interaction of mercury 

diethyl and metallic lithium m benzene or ligroin solution. It forms 
thick, clear hexagonal plates, melting at 95° C. in a nitrogen atmo- 
sphere ; at higher temperatures volatilising and condensing in the cooler 
par.s of the apparatus m drops, which soon solidify. It is somewhat 
soluble m benzene or gasoline, but when exposed to the air the bodv 
mflames and burns with the red lithium flame. Lithium ethyl reacts 
with triethyl-n-butylammomum bromide to give triethylanune and 

eifanf an^eth“3 ^ tetraeth y la “ium bromide to give 

Lithium n -butyl, LiC 4 H 9 , with tetraethylammonium bromide 

l o°iPi e a i n< ^ ^son, Tram. Chem. $oc., 1907, oi, 2061 

“ Schlenk and Holtz, Ber., 1917, 50 , 262. 9 

3 Hager and Marvel, J. Amer. Chem. 80 c., 1926, 48 , 2689. 
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yields triethyiamim* ; with tfiethyllH'uzylnmmotuuut bromide ii ones 
diet hylben/.ylamtue ; with t Hmdmtylmdiept ylnmnn mtitut joduh* if 
forms dim dm tyhndiepty famine. Tin* followiit}* retie! huts with Itf intuit 
n-butyl have been ntrried out,* the rear! mu stthsf amv hrintt ram tu A 
and t hr products of I hr reaction shown in hraekets i trheptxl hmmid« 
(n-undeeane) ; methylene iodide (uuiottuue J ; (i hromust \ tvu* j phm\ I I 
hrxeuu-L tnnis tnnts isomer of diphem 1 I • I but ndnitr la p' n ; In 
phenylehloromet ham* (triphenyluirtSn 1 peroxide, tripheinld : I i L 
pentane) ; o% m% pdaomutohiene (toluene), 

UthiumiHO«umyir reliefs with trie! by bn deify lummomum 

bromide to i*i\r <iint hybn hut ylutntne and lithium iidirptyl, with trine 
udmtylummonium iodide to form In tulmf yhtminr, a f rmv of a hydro* 
carbon and possibly n -heptane. 

Lithium phenyl, Li.CJL, or Lil*hd may hi prepared from un rvnrs 
diphenyl and metallic lithium or lithium ethyl and mercury diphenyl, 
In Urn dry statu it ts a pure white, mteruervshdliite powder, winch burns 
in air with a yellow ilium*, not a rod lithium lianas 

Lithium triphi*nyiim*thyl» U4TI* } d is prepnr «*d i»> irvnium t mol. 
of tripheuylmef hyt chloride in anhydrous ether with tl nn»K, of hthitim m 
tin* form of 0*5 pur rout, amalgam, in a specially destined flask, it is an 
orange - red powder and forms a stable et lterute, Ltd d*lt yiKt 3 t h ‘When 
acted upon by water in the absence of air if decompose* uceorduitf to tin* 
equation : 

Luiili, f 11,0 LiOll ? Lllyli 


Siitii tru, 


The first at tempt to obtain sodium alky K w as dor to Wankh f§/ but tns 
work only led to the formation of sodium /me ethyl double « oinpoimds. 
Sehortgm w was also unMieeessful in obtaining purr products, u laid 
Aeree * described n body wliirh hr considered in lie sodium phenyl, tint 
this was aft it wards refuted by liiljiert and (irtittiirr,* 

The sodium alkyls m the pure state are colourless, niiior|*}ii*ii%, in- 
sot it hie powders* in mdifferent solvents, They liemrrijiosr when heated 
to the melt iug point . They are extremely inttiiniiiuthlc m m t, t tie n$- 
flammability decreasing with rising molecular weight of tin alky ! 
residues, Sodium oefyl is stiserjif ihle to oxygen, large partieies igniting 
in air.® 

Sodium methyl Xui’Iij or Xa Me, Sodmm chips are placed m dry 
%rotn | ll.pt, Hit ’ t\), and alt air displaced by dry* n\u»rn tree mtfogrts, 
The requisite amount of mercury dimrihVl is thru added and lie 
temjierature maintained at tin ' i\ \ftrr several days the product i, 
obtained as n white pow'der. 

Sodium ethyl* Nat‘,ll a * is prepared in t$ xtfitibtr iiiaiuirrd^ hut the 


1 Mnrvrl, 11 «#**?• wad iValaem, J, 4we, t k*m xW t | ail* 4 ^ 

® linurr ntitl Murvel* km:, of. 

3 Srhlriik ftlitt HuUf., ikt., HU'?, |i!|, 

* /Iff,* | trill, ! Hi. mm, 

3 Wnttklyii, fMmilrM, I HAH, 107, VM ; tm, m t tu, t;,|| : 

* Hrlaingiti, ilrr,, SUUH, {g, g ?|7 ■ Ami, I Ilia* 44, IIIIII, 

1 Auit, »f» dfmrf, S**r. t lima. §§, Aim, 

0 Ihljwrf wad t»ri*tO*»T« H*t , tat 3, 46 * ifllli, 

' a Hrhtrlik 1*11*1 ftMtu. /frr , HM I t 5a, 

<“ S,, ShnrtKHi, mill, .J l, 11131 , ,/ mi,, JU23. 56 , (IIJ, r.u, 


I 4 . 1 , i'll 
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reaction is complete in one to two hours. Sodium propyl and n-Octyl 

have also been obtained. 

Sodium phenyl, NaC 6 H 5 , formed from mercury diphenyl, exhibits 
the same properties as the alkyls. 

Sodium benzyl, C 6 H 5 .CH 2 .Na. — Unlike the preceding compounds, 
sodium benzyl is isolated as an intense red, crystalline powder, in- 
soluble in benzene or ligroin, but fairly soluble in ether, to which it 
imparts a deep, reddish-yellow colour. The ethereal solution will con- 
duct the electric current, showing that the metallic atom is linked by a 
car bom uni valence. It inflames in air, but if the oxidation is slow 
much s til bene is formed. Dry carbon dioxide converts it into sodium 
phenyl acetate. 

Sodium triphenylmethyl, PiijCNa. 1 — 1. Ten grama of tri- 
phenylmethyl chloride in 500 c.c. of dry ether are treated with 200 grams 
of 2 per cent, sodium amalgam, and the mixture shaken on a machine for 
one to two hours. During the operations all air must be replaced bv 
nitrogen. . A solution of sodium triphenylmethyl is thus obtained in 
quantitative yield. 


2. Ten grams of sodium powder are amalgamated with 10 maim 
of mercury m 200 c.c. of dry ether, the reaction being carried out in 
nitrogen Triphenylmethyl chloride, 2 to 3 grams, is then introduced 
the substances melted and put on a shaking machine, the reaction beiim 
complete in twelve hours. A dark orange-red solution is obtained ; the 
ether is evaporated and the residue treated several times with petroleum 

carried U “ tl1 - & Sohd is P roduced - All manipulations are 

carried out in nitrogen, since air, moisture, or carbon dioxide cause 
decomposition. The compound forms a brick-red mass. 2 

teiS'.tr a *° m ,ri P h «yii»«th.iic i„ 


PhjCNa +H 2 0 =Ph 3 CH +NaOH 


of " f r ed ’ th f CO - Potion 

el, bride in liquid ammoni. is probably represent' by tlf 

Pli.CNa +NH ( Cl=Ph,CNH, +N.C1 -Ph.CH +NH, + NaCI 

“• S* is0lated ' Ammomum 

sodaniide, and sulphur dioxide" forij sS^^^Shyf 

but msolubie in petSS2? r lSS^n^4 duWe “ t0lu<5ne ° r benzene ’ 
certairf organie^^po^Ss ^^ eaC ^° nS ° f S ° dium ^phenylmethyl with 

Patent 8035 Schlenk and Ochs, ibid., 1916 40 608- 

• Schlenb and Marcus, Per., 1914, 47^1664^’ ' Amer ' 80c., 1923, 45’ 2756. 
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U it It I rijihriiv lini't hvl chlurhlr. tirxa|du-uvl«-thmu- 
rffdt.m h.-uti; «irnr,| util in li.jtiid ammonia. - Thus . 


<>i<’ Ottuut* 1. 7 

is jU'.nimvil, liu* 


ti.iTh., Xni'i . 


Similuriy with di<-hlt.r..di|.hrm ItnHJmiu* 

vllunw and prut aphmnlrt Ity! k fWmrdd 
fltt* ahmr rut , ntrtnm trtmphrnyl rrstilt 


a mi \tuiv uf huxuplirnyl- 
Uith lm»moinm/dmt\ usiVi # 


I %ySn ? I Mi Hr Nuilr ; I s !i t k 

U ith iurt Ity I \n*n/<mU\ ft dmu/ipiitmmlm k lormmi m am»rditma* 

t lit* -ripim mu ; 


with 


I'M N» I*h.t'<Mlr i’ll s t H*h XaO.Mr 

It *»«•* **> I JI ii/out. is list'd, |Mdil«m»-/i-lM-n/.|iiniu*Mlin is 

nhtamrtl. i„n sodium tn|.i„-nylmrthyl shows a h-mhm-v to rs< -hanm- 
its sodium ah. in tor hvdroyni, it ,-aiutu! l».- ns, .1 f,„- nm.I.'.iMitions uith 
subs timrrs ufm-hi-mi fum-timi m , noli,- forms, s.u-h as rthvhuvtnh-. 

With uldrfiv tit s, rthanok un- ohtiiinml, fnrmuldrhvd,- \ tri 

jtlu'itvi ethanol, * ■ h 

*’*» ,C Nh . (H'llj 

lu (hr ntsr ,*!' hrn/nldrhy.ir and lurluruldrhy ,1,-. ti t ruplimv! ethanol 
nit.t trtj.hniy Ihiryl t-t Jmn,*l a tv isolated rrsja-rtivrlv. 

Wtlh h, -tours as With rstrrs, thus,- vvhirfi are ranahh* of rxistim, in 
rm.lir forms nmi.i.l hr rmjduyrd, and dtarylketo,,. s yield „o r.mdrnsn 
Jitm jirut nrts, c,f>. with ix-u/npheuuitr, an ethanol is not f'm-mrtl, t.ut the 

soluhtm hir.au, s ,-t simv inrtullir krtvls are j.n.dur, ,!. ummliim to 

tlm rifimtitm : * 


I’ii.t Nh i t'<»i‘h 3 .( l*i, ,.n\u 

Uith dthi lUiifiirrtt.Ur, trt rust Vlvl|>i,uu-„lin is to, 111 , -. 1 , 

Sodium pht*H>i-t»iptu>nyi)i-„-m,phthyi-im>thyi, 


i*h l it.U? 

I' 

I’M’.H* N‘u 

i heuyMuuiieiiyly l najihthyt rhloromrt hiinr and sodium jtmvdrr are 
slink, u toy, th. r for „,ir to two days in dry rtlu-r, u, tin- i.ivs.-mr of 
roj.j.rr hr<ni/.r to thr solid stntn it is an iialiyo like, uirtallir, ylist.-niuy; 
liowder, soon In romiHK dull in air. Us rtlu-r, id solution is hltiislnviolrt 
ot extraordinary uilrusity, Uith water or ethereal hydr, >«.-!, ehlnrtde 
ti»* rotuiiouitd is soon drr, ilorisrd, and when drroiortM-d tty mr a faint, 
nrt|41it 1 »ltir l^rrrll* HIT ruh'Mtr mittlil'tM. 

Sodium di-Id|>lu'nylyJ-«- naphthyl -methyl, (t , h,(‘ w H l ) a t'N'a, is u 

iitark, mrtailir, ^listrninu powder, immediately hrrnmmi; yellow dirmvn 
m air. 

Sodium hipfn<n>h<m«-plu i ttyl-mi,thyi, 

C.H,, , I’h 

i a 

(‘.II* Xa 

ihlitjiliriivlnir ilij.ln nyl rtliaur and sodium janvdrr an- shaken fourth, -r 
' I* 1 * Ilk-Ilk »,I«I .Mark, Hu., m, 55, ) li|, aaa,’,, -jam 
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in a nitrogen atmosphere for twelve days. The compound is isolated in 
shining, orange-red needles, containing one molecule of ether of crystal- 
lisation. When dried in a nitrogen atmosphere at 60 ° C. the ether is 
removed and the compound darkens, and at higher temperatures it 
melts to a ruby-red liquid. It is instantly decolorised in air, and 
warmed with alcohol it dissolves, biphenylene methane crystallising out 
on cooling. 

Sodium p-anisyl-biphenylene-methyl, 

C 6 H 4X yC 6 H 4 .OMe 

C 6 H 4 / \Na 

is an intensely red, but not distinctly crystalline product, which is 
obtained free from ether. 


Potassium. 

No potassium compounds are known of the type KK, only com- 
pounds from triphenyl methyl having been obtained. 

Potassium triphenylmethyl, KCPI13. 1 — 1. Triphenylmethane and 
metallic potassium are heated at 200° to 220° C. in an indifferent 
atmosphere. By this method the compound is stated to be red and 
when treated with benzyl chloride to yield as-tetraphenylethane. 

2. Two equivalents of potassium are allowed to react with tri- 
phenylmethyl chloride in liquid ammonia. 

The compound has a similar appearance and the same properties as 
the sodium derivative. It exhibits, however, this difference, that 
whilst sodium triphenyl is unstable in the presence of ammonia the 
potassium compound is stable even at 100° C. Moreover, it has not 
been found possible to synthesise the triphenylmethyl group by the 
action of triphenylmethyl chloride on potassium triphenylmethyl. 

Rubidium . 2 

Rubidium ethyl, RbEt.-The interaction of zinc ethyl and metallic 

„ ‘e'Jh'.'f | l hF,, r 7 b, S U "’ tv J1 ‘‘If 14 but the double compound 

«hich in 

c£ m and p> tassinm 11 Aio„" 

CESIUM. 

CsEt-fC0 a =Cs.C0 2 .Et 

Sh“““ mpOUnd when ,ra “* d "**' “Iptoric acid yields pro- 

Soc ? 1923, 45 , 275& arCUS ’ 1914, 47 ’ 1664 ; Ivraus and Eawanmra, J. Amer. Ghem . 

2 Grosse, Ber,, 1926, 59 , [BJ, 2652. 
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Cii'Nium triphvnyluuthyi, CsCl'hj, puss.-sses Ui> mmih umirtlift 
as tin* rubidium emuptmtid. 


\su Sn.vi.H. 

Cuprous phenyl, Cul'h. 1 Cupmus mdide is added !o a cold 
solution of iiiaym sihiii plu nyl hroiuiilc m ether, Complete solution 
takes place, and after a tune tin- cuprous phenyl separates out as a white 
powder. It decomposes at mi C. and when’ wanned with heu/rite is 
com cried t juuut itat ively into diphenyl and metallic copper, the lutler 
appeal ne; as a mirror, Vhfh wider’, tnm/.ene and cuprous oxide arc 
formed, and wdh dilute mine acid if is chained to nitrobenzene, con- 
centrated nitric acid cuiixiuj* the compound to explode. Cuprous 
pllctiy t hlaekeiis in a lew day s, even when kept in a vacuum, 

Mayncsmm ethyl bromide presumably yives ctijiroits ethyl, but the 
eomjioimd IS unstable above 1H C, ’and has not been further in- 
Vest iguted. 

Siher phenyl, IpIMi. 3 Silver bromide is treated with nn et hereul 
vnlutiHii of umitnrsmm phenyl bromide, the violet solution depositing 
phenyl, The preparation is earned out in ahsrner of light, mul 
!hr« prodnef drromposrs in u few boors, even a! IK forming silver 
and ^diphenyl. !*hr prod net is highly e&ph.iMVts 

^!in* freshly t it silver rhtondr is nsvtl instead of flu 

it brown, granular powder is obt amrd, When dry if readily 
tirn imposes, evolving rim id* of diphenyl ftu ties, Thr ratio uf silver to 
pht m 1 app» nt\ to In* ns I : I , With magnesium p»\v I) I and n maplil fiy 1 
bromides mol thr magnesium euuipmmd of pdirmnodiphrnyl ether, 
MUidnr rompouuds are isolated* 


Cioitii , 1 

DUdhylaurit’ bromide, (CjItJ.AuHr, Mayuesium ethyl l.rmmdc 
ts llHr ” ?ls preparing t Ins nimjHimui* and it is neressary Hint if should lie 
Irrr I mm any tmrhuitgeil magnesium, Ihu* grams of magnesium nn* 
Usrl * ndeutuird ijimiititv of ethyl bromide m ii«Ht *\e. of unity- 

ilroii% « f her. Tins Urignard reagent is allowed to- drop very slowly into 
~~ *' ralUs *»f uiirii* bromide m 1 54$ ru\ of dry ether ettharfdly' ettoled'iu n*v 
amt suit im vlure, .^Iiiidlir gold ttrgins to apjienr during t hr reaetmu. 
I owdered ire is earefully added to thr mixture nod thuilly water mot 
diltifi* aertie and, Th r loftml is next extraeted several times with light 
pH luh loo mid this is washed with witter, thru allowed to evaporate io t% 
wmm ilmoght niphi mrd ut ’i5 to *141 {*, d’hi* rrsidto whrii otirr itgatit 
rr«*rv stul hsrd from petroleum rthrf yields U to It gntiiiH of the pyre 
hroiiiide, Xo larger y lehl is obtained if the relief ion takes plure ut the 
temperiitore of tioilmg lirjiiiii iiii 4 , nod the yield is Jess if thr at me bromide 
IS added to the Urigmird reagent. If mirw efdoritle is used the yield is 
out merrusrd, I hethyhiiirie bromide takes the form of long, < t olourft , ss, 
dmihly refmefmp needles, & H° i\ It is very solohle oi hrnmn\ 

lodit prtrolriiim eldoroform, and ether, iimeh less so m aleoho! mol 

1 o« 4 ;t |trj:i 4 iff, Mi, 

1 ftrwla iA*i 4 , 

* Komw <*«»d uvmii* /ir -r, % aria, 54 tii|, mm, 

1 l*n|w ami iiilNwai, Tmm, i'htm, Hut u Um7» §f* 
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insoluble in water. It is volatile at ordinary temperatures and decom 
poses with explosion at about 70° C. The body is analysed by dissolving 
it m chloroform, adding bromine in the same solvent, then slowly 
evaporating to dryness and weighing the residual gold after ignition 
Diethylaunc bromide is very sensitive to light, in contact with water 
giving gold. It also gives silver bromide from solutions of silver salts 
Ethylauric dibromide, C 2 H 5 AuBr 2 , is prepared by adding a dilute 
sohition of bromine m chloroform to an equimolecular proportion of 
diethylaunc bromide in the same solvent. Crystals of the dibromide 
are slowly formed. The compound is sparingly soluble in the ordinary 
organic solvents, but is moderately soluble in warm water. The crystals 
are transparent, dark ruby-red, doubly refracting prisms with square 

! , ; ,P n gating it slowly decomposes, but does not melt. It is more 
stable than the previous body. 

Amminodiethylauric bromide, (C 2 H 5 ) 2 AuBrNH 3 , can be obtained 

!' I o,! ,m! y i a T C b r™u de 0n gent] y warming with dilute aqueous 
v-id T 1 ;’ C r0 T C e: then ^aporating in a vacuum over sulphuric 
1}ie Pmduct is reerystalhsed from benzene, giving transparent 
doubly refracting, co ourless needles, which decompose on slowly heating 
f [ J > L \ , rh e body is soluble in ammonium hydroxide benzene 
£2^ or dilute hydrochloric acid. The solution in hyS£ 

V T &n 7 reduction ’ and there is no pre- 
■u Hears W, chloride, though on long standing metallic gold 

..liver «"*»»<> 


filAPTKK II. 


ORGANOMKTALLIC DERIVATIVES OK THE 
ELEMENTS OE GROUE II. 

'Flit. elements of Group II., along vvilh those of Group \ form more 
urguuomctuliic derivatives than t In* rrmuiuiug groups. In so I'm* as 
Group II. is concerned tins is ilia* In (la* vast, number of mammals now 
isolated, hi IHtto, Brekimum 1 IViuml ilia! an ethereal solution of 
el Its I iodide reacted with liielallie calcium to form an cl berate, having t he 
eoustitufioii KtLal.Kt a O. This was an amorphous powder, fairly 
stable in air, yielding ethane with water, aiul was sparingly soluble in 
ether. Gilman and Sehulze a repealed Ileekmauu's work, and eumr to 
the conclusion (hat the eoiupotiud is not the monoet Iterate shown above 
but a di-et Iterate of etdeitim iodide, Lal r *-’Kt 3 (). These investigators 
have also prepared compounds of ndatfyl, n octyl, and phenyl euleinm 
todities, lad in no eases do el her free eoinpountis tippear to lutve been 
isolated, I hey also state that unpublished work on eideitoit, barium, 
and strontium dialkyls ami diaryls shows that all of these organo- 
met allte compounds give positive tests. Since the pnrpttse of this 
chapter is Indent with pure compounds and not molecular completes, no 
further account is given of the calcium compounds. 3 

The remaining utcmliers of this group form a series of orgimo com- 
pounds m which the stability increases with rising atomic weight from 
beryllium to mercury. It should lie pointed out that the authors do not 
include the Grig nard compounds under magnesium, since these are not 
actually isolated in reactions in which they are employed, Moreover, 
the so-called " indiv idtiai " magnesium alkyl suits, which do not contain 
combined ether, have not lieett used to any great extent for synthetic 
purposes. 

I*he dimethyl compounds of the metals from beryllium to cadmium 
an* all very volatile hipiids, the beryllium, magnesium, and zinc deriva- 
tives exploding when treated with water, the rudmimu decomposing 
slowly under the same conditions. 

Mery Ilium compounds were obtained in ixtto by Labours ‘ by heating 
metallic beryllium with mercury diaikylx at Hit* ‘to 1 in' a sealed 
lube, Frnnklaud 4 also obtained beryllium diethyl and dtpropvl by a 
similar method. In IH8I, Uvroff * also claimed to have oiitaiued 

1 l'lrt"ii.Lii4iIiii, Ifr#*,, l%mth jl* UU4, 

4 IpI N J, A mtr % t*krm, Hue,* 

1 Nw KiglifittifiiK inn! i-ulmt, J, Amur* Vhr-.m, Sac., Silas, 47* H»* ; (♦*!nmti 

Gf«l 1 M,, Htti, 47 * mm ; mid 1 II 2 A, 47 * 2 twa. 

4 V t %h*mv\ I mmtkn, l«fiu* X 14 . 243; Jakfttbtr** 1h 73, |i, ftgii 

¥mnkhml t Tmm, Vbtm, Mm.,, IKUI. IJ* 181, ttM. 

4 J, Mum, Vhtm, Mat,, SI m, X 6 » U3 ; Hull, Mm* lHH-i, 41 * /*m 

II 
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beryllium dimethyl. No further reference is made to the compounds 
until 1923, when Krause and Wendt 1 stated that beryllium dialkyls may 
be prepared by the interaction of beryllium chloride and an excess of 
Grignard reagent. 

The actual isolation of beryllium dialkyls in a pure state has only just 
been accomplished by Gilman and Schulze, 2 and their work throws doubt 
upon the accuracy of that of previous investigators. Their method of 
procedure is the one suggested by Krause and Wendt. In 1926, Durand 3 
claimed to have prepared beryllium methyl iodide, but the work has 
since been disproved by Gilman and Schulze. 4 These workers have 
isolated beryllium alkyl halides by heating beryllium, alkyl halides, and 
ether in the presence of catalysts, such as mercuric chloride, beryllium 
chloride, or free bromine. The first aryl compound, beryllium phenyl 
iodide, has been prepared by a similar process. 

The first attempt to prepare organic compounds of magnesium was 
due to Hallwaehs and Schafarik 5 in 1859, these investigators heating 
metallic magnesium with ethyl iodide in a sealed tube at 150° to 180° C. 
Upon opening the tube a gas was evolved and a white mass obtained. 
This when heated gave a colourless liquid of penetrating odour, which did 
not, inflame. In view of later work the products appear to be magnesium 
iodide and traces of magnesium diethyl. A year later, Cahours 6 * 
repeated the above work, the reacting substances being heated for 
several hours at 130° C. He isolated magnesium iodide and a colourless, 
strongly volatile liquid, inflaming in air, and having a leek-like odour! 
This liquid Cahours mistook for magnesium diethyl. In 1891, Lohr* 
obtained magnesium dialkyls by heating magnesium with mercury 
dialkyls, and later Fleck 8 extended Lohr’s work. No further work was 
donjon these substances until 1927, when Gilman and Schulze 9 used 
Lohr’s method, but introduced mercuric chloride into the reaction as a 
catalyst. This work proves that the substances obtained by the earlier 
investigators were not very pure. 

Duly one aryl compound is known, namely, magnesium diphenyl, 10 
formed by heating magnesium powder and mercury diphenyl at 200° C 
in an atmosphere of nitrogen. Like the alkyl compounds, it is readily 
oxidisable m air and decomposed by water. 

Frankland in 1853 11 obtained the first zinc alkyl, zinc dimethyl, by 
“ng methyl iodide with an excess of zinc in a sealed tube at 150° to 
"° • ,. F om th f beginning, the series was gradually continued as far 

as zinc di-isoamyl, in the hands of various investigators. The lower 
!™ ers are spontaneously inflammable in air, this property decreasing 
as the senes is ascended, and all the compounds are decomposed by 

moved of e i° P r r °r s > th violent ^plosion. These compounds have 
ehminlt P f /^ = T Ue m , m ? 7 or £ a “ c syntheses, but their use has been 
ted to a large extent by the Grignard reagent owing to the fact 

l Krause and Wendt, Ber., 1923, 56, 467. 

“ Gilman and Schulze, J. Chem. 80 c ., 1927, p 2663 

Durand, Compt . rend., 1926, 182, 1162. 

5 Gilman and ®jfrul z e, J. Amer. Chem. Soc., 1927. 49, 2904 

Hallwaehs and Schafarik, Annalen, 1859, 109, 206 

! Gahours, Annalen, I860, 114,240. 

‘ Rohr, Annalen, , 1891, 261, 48 * 8 i ,» 7 

’ ®t man “d Schulze, J. Amer. Chem. Soc 19‘>7 Ann ^, 1803, 276. 129. 

Hhpert and Griittner, Ber., 1913, 46, 1675. * 49 ’ ^ 

krankland, Annalen , 1853, 85, 347. 
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that the hit ter need not hr isolated in reaet ii uis in whieh it is used, 
whereas thr inflammability of t hr /ine alkyls readers them diflieulf 
t<» handle, Zine alkyls haw also hern used in thr prepurut ion < »f 
organometullie derivatives of memory d homnd aluminium, thallium, 1 
silicon/ germanium,' 1 tin, 7 lead/ phosphorus, 11 arseme, nntimom , 1 1 
iii smut h. 1 1 

No due aryls uov known unfit HUB, when IIilpi rt and Uruttner i:l 
isolated '/inn diphenyl hy hoi hug utetvurv diphenyl with /inr for two 
minutes in an atmosphere of hydrogen, The rapidity with whieh this 
reaet ion takes plaee resembles the preparation of alnmininm tripheuyl 
from mrreury diphenyl and ulumiamtu, the renet am bring complete m 
ten to fifteen seeomfs at I Mr t\ 'Idle /me diphenyl is nfferfrd hy light, 
and, like magnesium diphenyl, is oxidised hy at fiiosphertc oxy prn and 
deeompused hy Wider, All interesting Use lias reeentlv hern ’made U\ 
Chambers and Scherer ,l of /me diphenyl, In order to prepare tin 
letrnphenyl, magnesium phenyl hrouude is treated with anhydrous /me 
ehloride in eth<*real solution, the ether replaeed hy toluene ami the 
prmiuet treated with stannic ehloride, Huts the /me eonipotmd is 
merely used as an intermediate without bring isolated, hi the same wav 
as the (irigtmrd reagent, 

Although emlmiiim alkyls were known ns early ns it w us not 

until HUT Ui find they were obtained in good yield in n state of purity, 
The general method of preparation is hy the internet ion of magnesium 
alkyl hal nit's and rudtuium halides, In eonmion with the ottier alkyls 
sri far desert bed in this ehapter they are very volatile, the methyl deriva- 
tive even bring ditlieult to separate from ether, siuee if volatilises along 
with tin* \ a pour of the hitter, This volatility decreases as the series is 
aseended from methyl toixoamyh andidthmigh the higher eomponnds are 

/ HmAlpa, Ammim, t Hftti, 109, 2 Hf, Tl\ , ji lim, PotnUwiT ..!w»»iAm, 

in, «ii j Jtthrr*hr¥ t * I HAf I, jt, 4 1 1! * KuA»Mf»h, f&r rArmir, ftViftt, **, ,V»JM ; 

lH 7 a» 3* 82 ft ; Up|i!'iilidin, Ho,, Ih# t, *§, tl? t 

8 I'YiUikittWl, Anmtkn, |HH 5 k tit, PHt, Hi, , fuTil, p lilt! 

* H*»ekt*fii iiiifl * Milan, Spt. 9 tHdt, 4, 1 In, til* . I 4*ml m, Inn**, 11,4, 

\ llalhvaolm #iii*i KHmHrik, JhAH, Hit#, 3 »* , Far»l^ati*itf, f ‘Arm. %mi» t |w.i| # 

k TH;i j llurtUuu it 1 ill (tilling, /V, Jfay, , tMllft, I!** 

P* 4 *dH; Hn » AU 7 , t.’um/jf rrmf , |H 73 » 76, 1 XI, 7 |H, 

* Hart hrf. t |H7|, 7 * SJWH ; |n7ft, 174 ;*tl| 

ko« *H aotf <*n* ft#, Ammi#n, \mk% *36, SNi:i ; Mill, 11?, Ill , UUwifmnt, Annatm, 
iHi^, itajl, |HH|, ,1/ill, H»n ; t^dridnirtc, I m# -I* IfJ, 

hlH ; Prmirl ami t«n«inilj(tirit, Ann f'Aim. Vky*. t |ami, IWi, lie |i*| . IhniiAh. |.*om» 

»o;i, !ift I, " 

* Wiakkr, J, Vhrm, t tivift, p|j, 3ft, fn| 

' {tumlrtu Ihiij*. tdd< ml ihiktt^t , 1 nTA, p fttu , Fr^akkt***l, 

III, FoUfldiUld I»a*t TVinw. t'Arm Sm , JHiJI, |$ 4 Ufl # X|»fi‘|||}li*rW, 

Ammlrn t tXIlT, I#||, l»X< ; Hni'ktMfl, .Mnii/oi, tHftll, , Pmi« iopI IVioImi, iVtr, 

.XV., Hipi, arB, I Hi 

* iMfll trn, a# ; Him ktoti, I nm t tm$ t t | HAH* ttJ, TM ; 

l* fiiliwtiinil Will J, t% tm. jM'ltl, Ulft 

» t'nhMim. will tI**IJH»f)ii, Arnmtlrm, JnftT, t<H|, I ; th 4 m#iiin \nmthn ,s 9 4 „ iMIif* H 7 i 

lr Vi* , T’ i ,llMl /fro tHi t, 4. *1ft2 i UVrlirlimio. Ho,, f, MU, 

< ttfltMir* Will i'mnf*, ft mi , JHAA, M 3 | ; J*|Arr,*I W r , i xv;^ p /*7| H 

raliMiir*, /Iwiiii/m, |hHj|, t*||| i i Mom tin, ImaItn, |hA 7 4 td|, 3 A 7 

1 tliirtiluM, friovv riirw .W., t4 12 s Mf**t**f , |Hlk1 4 it 47'IV 

d /Ire, 1 M» 7 , 3 T 0 , IAI# 1 «M.< I HUH, it, gf»;i« 

11 ffifpi’U nml nratfiHm /He, IHIA, 4ft, litlft. 

* flaimlw-fs nmt Hidimn, .#, dmrr, # 4 Arm, &w, t !tr|a, 44 iiifti, 

l? * twin, Anmitrf k tmit, 87, AA, 

Kmiims Hrr,, I !l| 1, 50, | Hi:i. 
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decomposed by water, the process takes some hours to reach completion. 
As in the case of magnesium and zinc, only one aryl compound of cadmium 
is known, cadmium diphenyl. It is prepared by heating mercury 
diphenyl and metallic cadmium in an atmosphere of hydrogen, but the 
product appears to be very unstable in the dry state, discolouring in a 
vacuum desiccator even when allowed to stand for an hour. 1 . The 
cadmium may be replaced by mercury or zinc under suitable conditions. 

The only remaining metal in the group to be discussed is mercury. 
This element forms such an enormous variety of organic compounds 
that they are dealt with in subsequent chapters. No other element is 
known which will replace the hydrogen of organic derivatives with such 
ease. All other metals of the periodic classification are only introduced 
singly into organic residues, whereas two to five mercury residues may 
become attached to a molecule in a single operation, e.g. penta-acetoxy- 
mercuriaeetanilide. Like the other members of Group II., it forms 
compounds of the type R 2 M, but these are far more stable than any 
previously described. A second type, RMX, is also known, which 
resembles the Grignard reagent RMgX in formula only, showing no 
other relation to the magnesium compounds. These two types of 
mercury compounds are dealt with in the subsequent chapter. 


Beryllium. 

Beryllium dimethyl, Be(CH 3 ) 2 . 2 — This compound is prepared by 
the interaction of anhydrous beryllium chloride and magnesium methyl 
iodide. Owing to the hygroscopic nature of the beryllium chloride and 
the instability of beryllium dimethyl in air, the reaction is carried out in 
a specially designed apparatus in an atmosphere of dry hydrogen or 
nitrogen. Beryllium dimethyl crystallises from hot concentrated ethereal 
solution in snow-white needles, and it has the same form when it sub- 
limes at about 200° C. without melting. Its ethereal solutions fume 
strongly on exposure to the atmosphere. When suddenly overheated, 
it is partially decomposed, leaving a brown or grey mirror. In air it is 
spontaneously inflammable, especially in the presence of moisture, 
burning with a luminous flame, and evolving white fumes of beryllium 
oxide. It is violently decomposed by water, yielding methane. In the 
solid state it even inflames when treated with carbon dioxide, but if in 
ethereal solution it yields acetic acid. It reacts with phenyl carbimide 
in ethereal solution giving the anilide, and with a-naphthyl carbimide, 
aeeto-a-naphthalide is formed. With Michler’s ketone it gives an 
immediate positive colour reaction, with benzophenone it forms di- 
phenylmethylcarbinol, and with benzoyl chloride phenyl dimethyl - 
carbinol is produced. The reaction with iodine is very vigorous, 
probably forming berjdlium methyl iodide. 

Beryllium diethyl, Be(C 2 H 5 ) 2 , prepared in a similar manner to 
the preceding compound, is a colourless liquid, B.pt. 93° to 95° C. at 
4 mm. or 110° C. at 15 mm. It distils at 180° to 240° C. at ordinary 
pressure, with considerable decomposition, and when solidified in carbon 
dioxide-ether freezing mixture white crystals are formed, which melt on 
warming to - 13° to — 11° C. It resembles the corresponding dimethyl 
derivative in oxidisability and inflammability. With water it yields 

1 Hilpert and Griittner, Ber., 1913, 46 , 1675. 

2 C4ilman and Schulze, J. CJiem . Soc ,, 1927, p. 2663. 
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ethane, and its ethereal solution with carbon dioxide gives triethyl- 
carbinol. It gives a positive colour reaction with Michler’s ketone, 
reduces benzophenone to benzhydrol, reacts vigorously with iodine 
and with an excess of an ethereal solution of beryllium chloride, a 
solution having the characteristics of beryllium ethyl chloride is 
obtained. 1 

Beryllium propyl, Be(C 3 H 7 ) 2 , is a liquid, B.pt. 244° to 246° C., and 
does not solidify at —17° C. 

Beryllium di-n-butyl, 2 Be(C 4 H 9 ) 2 , is a clear, colourless liquid, 
having a mercaptan-like odour. It, boils at 170° C. at 25 mm. It 
oxidises rapidly in air, but is not spontaneously inflammable. It is 
decomposed by water, reacts with phenylcarbimide, and gives a blue 
colour with Mi elder 5 s ketone. 

Beryllium diphenyl, Bc(C 6 H 5 ) 2 , and beryllium di-p-tolyl, 

Be(C 0 H 4 ,CH 3 ) 2? may be readily prepared by heating beryllium with 
equivalent quantities of mercury diphenyl and mercury di-p-tolyl and 
a, trace of mercuric chloride in scaled tubes at 225° C. for six hours. 

Beryllium methyl and ethyl iodides, 3 Be(CII 3 )I and Be(C 2 H c )I. 

• These compounds are best prepared as follows : About 0*5 gram of 
powdered beryllium, 0*2 to 0*5 gram of mercuric chloride, 5 c.e. of the 
alkyl halide, and 25 c.c. of ether arc heated for at least fifteen hours at 80° 
to 90° C. in a suitable bottle, the neck of which has been drawn out to a 
fine capillary. The product is then removed from the bottle by breaking 
the capillary, the pressure inside being sufficient to force the liquid out. 

The ethereal solutions of these iodides do not fume in air, and 
removal of the solvent gives a liquid, which on further heating evolves 
dense white fumes, probably of beryllium oxide. Heating changes the 
alkyl beryllium halides to beryllium dialkyls. All the alkyl halide com- 
pounds are decomposed by water, with formation of the corresponding 
hydrocarbon. When carbon dioxide is passed through ethereal beryl- 
lium methyl iodide for three hours, the solution still gives a positive test 
and no acetic acid is found after hydrolysis. Acetanilide is formed from 
beryllium methyl iodide and phenyl isocyanate. 

In a similar manner beryllium ethyl bromide , Be(G 2 H 5 )Br, and 
beryllium n-butyl iodide , Be(C 4 H 9 )I, are prepared. In "these cases 
beryllium chloride or free bromine may be used as catalysts. 

Beryllium phenyl iodide, Bc(C c H fi )I, gives a positive test when 
prepared in the presence of mercuric chloride after fifteen hours heat- 
ing at 80° to 90° C., and is also readily prepared by heating at 150° 
to 175° 0. with either mercuric or beryllium chloride as catalyst. 


Magnesium. 

Magnesium dimethyl, Mg(CII 3 ) 2 , 4 may be prepared by heating 
magnesium turnings with mercury dimethyl for thirty-six hours at 
ISO 0 0. It is described as a grey -yellow mass, which reacts with ex- 
plosive violence with water. The addition of acetyl chloride to a well- 
cooled ethereal solution of the compound in a nitrogen atmosphere 

1 C&hours, Annalen, I860, 114 , 243. 

2 Gilman and Schulze, loc. cit . 

3 Gilman and Schulze, J. Amer, Ohem . Soc. t 1927, 49 , 2904 ; sec Durand, Gompt. rand.. 
1926, 182 , 1162. 

4 LOhr, Annalen , 1891, 261 , 48; Fleck, Annalen, 1893, 276 , 129. 



16 


ORGAN OMETALLIO COMPOUNDS. 


n!f!-i S ,« n f e ? yl w bl i n °\- , Whea hydrogen iodide is passed into the 
mixture, tertiary butyl iodide is formed. 

Magnesium diethyl, Mg(C 2 H 5 ) 2 .i— Fresh mercury diethyl and 
magnesium powder are heated together in a sealed tube at 130° C. in 
the presence of a small amount of mercuric chloride. The product thus 
1S a Ilght f brown powder, spontaneously inflammable in 
air. Magnesium diethyl is soluble in ether, this solution reacting with 
an ethereal solution of acetyl chloride to give methyldiethyl carbinol. 

use of^caMyat dlpr0py1, M g(C 3 H 7 ) 2 , has been prepared without the 

Magnesium diphenyl, MgPh a .— Mercury diphenyl and magnesium 
powder are heated to 200° C. in an atmosphere of nitrogen, when the 
magnesium compound is isolated as a white powder. It is insoluble in 
carbon disulphide or benzene, but soluble in absolute ether, and when 
boiled in the latter solvent in a stream of hydrogen, filtered and evapor- 

n Sl - T. C ‘ ^ C0 ™P° un / crystallises “ transparent feathery 

hv tl A. J °n tai i Cther ° f c 7 staIli ^tion which may be removed 

by the heat of the hand, an amorphous product resulting. 3 It burns in 

air forming magnesium oxide, and by slow oxidation gives Mg(OPh),. 

dee °mp° s os magnesium diphenyl with the formation of benzene 
and magnesium hydroxide. Bromine in ethereal solution forms bromo- 

kolated ai WiG agn n eS1U f bromide ’ no magnesium phenyl bromide being 
isolated. With phosphorus trichloride only traces of diphenyl phos- 

wKetted^oAb T ed ’ • BenZal Chl0rid " reacts with compound 
nhen heated for three hours m a sealed tube at 100° C., giviim triphenvl 

methane and magnesium chloride. When magnesium diphenyl is 

heated in a sealed tube at 280° C. until it decomposes the Sip 2 

diphenyl . ° btamed by extraction of the product with benzene 1 is 


Zinc. 

way?” 0 dimethy1 ’ Zn ( CJI z)z or ZnMe 2 , may be prepared in several 
at 150 ° B to h 160 in c 4 methyl i0dide with an excess of zme in a sealed tube 

nine ' davs^m ^ Zin ° * UMlings or dust are heated for six to 

nine days m an iron flask carrying a reflux condenser the reneti™ 

productbeing distilled in an atmosphere of carbon dioxide. 5 

iodide R Me h ZnI°xvlilM a?d 3 ZmC ^ h f ated together to form zinc methyl 
2idz1 ; n?foS.« ^ h 18 deCOm P° sed on distillation to yield zinc methyl 

4. Three parts of methyl iodide and two parts of anhydrous ether 

ibid. Gaman ^ SClmlZe ’ J ' Amer ' ° hm - Soc -’ 1927 > 49. 2328 ; see Lohr, ibid. ; Fleck, 
2 Fleck, loc. cit. 

* SlnfSr’lfS’ 1675 I A 2 ",' AnnaUn > 28l > 320. 

5 Saimonowitseh, J. kl ss . Phys dm* Soc iPPP trPP’ 186 I* * 44 ’ 2 ‘ 

1066 ; see Worobjefi, J. Puss. Phys ChTm Soc 1899 P « s P™" 1899 ’ 1 

i8M ’ '■ 

Sll ,"" 1 “““P"* 0 ' ®““*. 1892 , . 2 , ii. SSsfwhTh, aZJcS, “SI; 
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are heated with zinc in a copper digester at 100° C. for six hours. The 
reaction mixture is then distilled from the water-bath, the fraction 
between 48° to 51° C. corresponding to 2ZnMe 2 .Et,0. If methyl ether 
is used, 2ZnMc,.Me 2 0 is obtained, which distils about 43° C., and in the 
absence of ether, pure zinc dimethyl is isolated. 1 

5. One hundred and twenty parts of methyl iodide, 90 parts of 
zinc, and 100 parts of I per cent, sodium amalgam and a drop of 
ethyl acetate are mixed in the cold. They are then heated to 45° C. 
for thirty-six hours and the bath finally raised to 90° C., when the 
contents of the flask solidify. Distillation from an oil bath produces 
zinc dimethyl, distilling at 47° C. constant. 2 

0. By heating methyl iodide with zinc-copper couple. 3 • 

Zinc dimethyl is a colourless, strongly refracting liquid, having a 
characteristic, pungent smell and is very volatile. When cooled in a 
freezing mixture it solidifies and melts at —40° C. 4 It boils at 46° C. and 
has a density of 1-386 at 10-5° C. 5 In air it is spontaneously inflammable, 
burning with a greenish-blue flame, 8 but if the oxidation is allowed to 
proceed slowly, zinc methyl methylate, ZnMe.OMe, is produced, together 
with some zinc methylate, Zn(OMe) 2 . 7 Water decomposes zinc di- 
methyl with formation of zinc hydroxide and methane. Zinc dimethyl 
undergoes reactions with various substances, as indicated in the following 
table : — 


REACTIONS OF ZINC DIMETHYL. 


Reacting Nu balance. 

Resulting Pr< iduets. 

Referkncrs. 

Sulphur dioxide. 

Methane aulphinie acid. 

Hobson, Annalen, 1858, 106 , 288. 

Nitric oxide. 

C< >m pou nd < >f me thy Ini t r< >so- 
hydroxylamine, 

'An M e a . r An ( 0H 8 < ) 2 N 2 ) 3 . 

Frankland, Annalen , 1850, 99 , 
309. 

Phosgene. 

Trimethyloarbinol. 

Butlerow, Jahrcsber., 1803, p. 
475; 1804, p. 490. 

Tertiary butyl iodide. 

Te tram ethyl methane. 

Lwow, Zeitsch. (Them., 1870, p. 
520. 

Acetone Chloride, 
MogCClg. 

Totramethylmethane. 

Lwow, Zeitsch. Chem., 1871, p. 
257. 

Acetyl chloride, then 
water. 

Acetyl chloride, using 
excess of zincs di- 
methyl, then treat- 
ing with water after 
long standing. 

# 

Acetone. 

Trimethyloarbinol. 

Freund, Annakn , 1801, 118 , 12 ; 
Butlerow, Annakn, 1867, 144 , 

2 ; nee Pawlow, Annakn , 
1877, 188 , 100, 114, 118. 


> Frankland, Tram. Ohem. Oor., 1881, 13 , 124 ; seo also Wanklyn, he. cit. 

I Ladenburg, Annalen, 1874, 173 , 147 ; Wagner, J. prakt. Ohem., 1891, [2], 44 , 261. 
Renshaw and Greenlaw, J. Amer. Ohem. Hoc., 1920, 42 , 1472. 

4 Haase, Bur., 1893, 2 6 , 1053. 

5 Frankland and Buppa, Annakn, 1804, 130 , 119* 

0 Frankland, Annakn, 1853, 85 , 347 . 

7 Butlerow, Zeitsch. Ohem,, 1804, p. 403 ; Jahrcsber ., 1804, p. 407. 

VOL. xr* : 1. 
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Reactions of Zinc Dimethyl — continued. 


Reacting Substance. 

Resulting Products. 

References. 

Chloral. 

Trichloroisopropyl 

alcohol. 

Garzarolli-Thurnlakh, Annalen , 
1881, 210 , 77. 

Silicon tetrachloride. 

Silicon tetramethyl. 

Eriedel and Crafts, Ann. Ghim. 
Phys ., 1870, [4], 19 , 360; 
Annalen , 1865, 136 , 203. 

Lead chloride. 

Lead tetramethyl. 

Cahours, Annalen , 1862, 122 , 67. 

Phosphorus tri- 
chloride. 

Compound of zinc chloride 
and trimethyl phosphine. 

Cahours and Hofmann, Gompt. 
rend., 1855, 41 , 832 ; Jahres - 
her., 1885, p. 537 ; Annalen, 
1857, 104 , 29. 

Arsenic trichloride. 

Trimethylarsine. 

do. 

Tin diethyl di-iodide. 

Tin dimethyl diethyl. 

Erankland, Annalen , 1859, III, 
50. 

Tin triethyl iodide. 

Tin methyl triethyl. 

Cahours, Annalen, 1862, 122 , 60. 

Methylmercuric iodide. 

Mercury dimethyl. 

Buckton, Annalen , 1859, 109 , 
222 . 

Methyl alcohol (small 
quantity).’ 
„ (excess). 

Zinc methyl methylate. 

Zinc methylate. 

Butlerow, Jahresber ., 1864, p. 
467. 

do. 

Ethyl alcohol. 

Zinc ethylate. 

Tolkatschew, J. Puss . Phys. 
Ghem. Soc., 1901, 33 , 470 ; 
Ghent. Zentr 1901, ii. 1200. 

Acetone. 

Mesityl oxide and higher 
condensation products. ' 

Pawlow, Annalen, 1877, 188 , 133 . 

Chloroformic ethyl 

ester. 

Ethylene, methane, carbon 
dioxide, zinc chloride. 

Butlerow, Jahresber., 1863, p. 
474 ; Zeitsch. Chem., 1863, p. 
486. 

1 - Bromo - 1 -nitro - 

ethane. 

2-Nitropropane. 

Bewad, J. prakt. Chem., 1893, 
[2], 48 , 352. 

Tetraethylester of 
orthosilicic acid. 

Zinc metliyl ethylate, tri- 
ethyl ester of methyl 
orthosilicic acid. 

Ladenburg, Annalen, 1874, 173 , 
148. 


Zinc diethyl, Zn(C 2 H5) 2 or ZnEt a , may be obtained : 

1. Ninety grams of zinc filings and 10 grams of finely divided 
copper (from the oxide) are heated with a good flame in "a 300-e.c. 
capacity flask, to form a couple. Then 87 grams of ethyl iodide are 
added and the whole heated at 90° C. In fifteen minutes the conversion 
to ethiodide is complete and the product is distilled in a hydrogen 
atmosphere, 31 grams of zinc diethyl being obtained, 90-4 per cent. 1 

1900, 24 ^ 32 ? ne ^ Tlibe ’ TmnS ' CAem ' 8 ° C ” 1879 ’ 3S ’ 571 ; see Lactmall > Ame.r. Chem. J„ 
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2. By heating ethyl iodide with an excess of zinc in a sealed tube at 
150° to 160° C. 1 

3. Equal volumes of ether and ethyl iodide are heated in a copper 
digester at 130° C. and the reaction product distilled. 2 

4. By heating an alloy of zinc and sodium with ethyl iodide in a 
carbon dioxide atmosphere. 3 

5. Mercury diethyl and zinc are heated in a sealed tube at 100° C. 4 
Zinc diethyl is a colourless liquid of penetrating odour, spontaneously 

inflammable in air. 5 It may be solidified in a freezing mixture and melts 
at —28° C. 6 It boils at 118° C., and has a density of 1*182 at 18° C. 
and 1*245 at 8° C. 7 

The molecular refraction and dispersion of zinc diethyl compared 
with tin tetraethyl is as follows : — 8 


’ 

Tom p. 

Density. 

n\. 

>0>. 

wp. 

wir. 

ZnEt, 

SnEt., 

8-o° c. 
0° c. 

1*245 

1*4089 

1*4930 

1 *5065 

1*5143 

1*5141 

1*5830 

1*5408 


Experimental. 

Theoretical. 

Molecular Ref raction. 

Molecular 

DiHjHn'sion. 

Molecular 

Refraction. 

Molecular 

Dispersion. 

ZuEtjj 

SnEt,, 

48*88 

48*12 

3*97 

5*54 

42 8 

84-0 , 



The heat of formation of zinc diethyl from its elements is as follows 0 

[Zn] +4[G] +5(1 I a ) «ZnMt a -8 1 ,800 calories. 

Zinc diethyl is decomposed by sulphuric and hydrochloric acids with 
evolution of heat : 

ZnKt a +11,804 — 2C 2 H g +ZnS0 4 +79,800 calories. 

ZnKt a +21 1 Cl r*2C a l I e +ZnCl , +78,000 calories. 

1 Frankland, Anmkn , 1853, 85 , 300. 

2 Frankland, Annalen, 1855, 95 , 28; see also Pebal, Annulm , 1801, xi 8 , 22; ibid., 
1802, 122 , 105. 

8 Rioth and Beilstoin, A nnalen , 1802, 123 , 240 ; 1803, 126 , 248 ; see also Alexoyol! and 
Beilstoin, Jahrmber 1804, p, 409; Oompt rend,, 1804, 58 , 171 ; Bewad, J . pmkt. Ohem., 
1849, [2 J, 48 , 350 ; Rathke, A nnalen, 1809, 152 , 220. 

4 Frankland and Duppa, Tram. Cham. Hoc, f 1804, 17 , 29; Annalen , 1804, 130 , 117. 
For other methods using due and ethyl iodide, see Frankland, Annalen , 1853, 85 , 
300 ; Wiohelhaufl, Annalen , 1809, 152 , 321 ; Ssimonowitsoh, »/, Rtm. Pht/n. Ohem. Son., 
1899, 31 , 40; Ohem. Zentr ., 1899, i. 1000 ; Fileti and Oantapulo, Gazstiita , 1892, 22 , ii. 
387; Chapman, Zeituchrift filr ( Jhemie , 1807, p, 74; Kahlfuss, Per., 1887, 20 , 3154; 
Keium, J, prakt. Ohem., 1850, [ 2 ], 51 , 100 . 

5 Frankland, Annulm , 1855, 95 , 42. 

0 Haase, Her., 1893, 26 , 1053. 

7 Gladstone, Tram. Ohem. Hoc., 1891, 59 , 293. 

8 Gladstone, ibid. 

u Guutz, Jahrmber 1887, p, 242. 
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The reactions between zinc diethyl and various compounds have 
been collected together in the following table : — 

REACTIONS OF ZINC DIETHYL. 


Reacting Substance. 

■ Resulting Products. 

References. 

Chlorine, bromine, or 
iodine. 

Decomposition with vio- 
lence, inflaming in the 
case of chlorine. 

Erankland, Annalen , 1855, 95 , 
51. 

Bromine or iodine in 
ether solution. 

Ethyl halide, zinc halide. 

do. 

Air passed through 
ether solution of 
zinc diethyl. 

Compound EtZn.O.O.Et. 

Demuth and Meyer, Ber. , 1890, 
23 , 394 ; see also Erankland, 
Annalen , 1855, 95 , 42 ; Erank- 
land and Duppa, Annalen , 
1865, 135 , 30. 

Water. 

Zinc hydroxide, ethane. 

Erankland, Annalen , 1853, 8k, 
360. 

Sulphur dioxide or tri- 
oxide. 

Nitric oxide. 

Ethane sulphinic acid. 

Compound ZnEto.Zn 

(C 2 H 5 0 2 N 2 ) 2 . 

Wischin, Annalen , 1866, 139 , 
367 ; see also Hobson, Anna - 
len, 1857, 102 , 76. 

Erankland, Annalen , 1856, 99 
345. 

Ammonia gas passed 
into ether solution 
of zinc diethyl. 

Zincamide, Zn(NH 2 ) 2 . 

Frankland, Jahresher., 1857, p. 
418; J. prakt. Chem ., 1858, 
[1], 73, 35. ’ 

Cyanogen. 

Ethyl cyanide. 

Erankland and Graham, Trans . 
Cham. Soc. 1880, 37 , 740. 

Cyanogen chloride. 

Ethyl cyanide. 

Gal, Compt. rend., 1868, 66 , 49 ; 
Annalen , 1868, 147 , 27. 

Cyanogen iodide. 

Zinc cyanide, ethyl iodide. 

Calmels, Compt. rend., 1884, 99 , 
239 ; Bull. Soc. chim. ., 1885, 

Liquid carbon dioxide 
under pressure. 

Zinc propionate. 

[ 2 ], 43 , 82. 

Schmitt, J. pralct. Chem., 1847, 
[2], 42 , 568. 

Sodium. 

Compound ZnEto.NaEt. 

Wanklyn, Annalen , 1858, 107 , 
125 ; 1858, 108 , 70. 

Phosphorus trichloride. 

Compound of zinc chloride 
and triethylphosphine. 

Cahours and Hofmann, Compt. 
rend., 1855, 41 , 832 ; Ja.hr es- 
ber., 1855, p. 537 ; Annalen, 
1857, 104 , 7 ; Annalen Spl., 
1861,1,2. 

Arsenic trichloride. 

Triethylarsine. 

do. 

Antimony trichloride. 

Silicon tetrachloride. 

Triethylstibine. 

Silicon tetraethyl. 

Hofmann, Annalen, 1857, 103 , 
357. 

Eriedel and Crafts, Ann. Chim. 
Phys., 1870, [4], 19 , 335; 
Annalen, 1863, 127 , 31. 
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Reactions of Zinc Diethyl — continued. 


Reacting Su bstanee. 

Resulting Products. 

HjSFlSltlSNCJBS. 

Stannous chloride. 

Tin tetraethyl. 

Frankland and Lawrancc, Tram. 
Chvm. Hoc., 1879, 35 , 130. 

Lead chloride. 

Lead tetraethyl. 

Buekton, Annalvn , 1859, 109 , 
223; 1 12 , 22(5; Frankland 
and Lawmnee, Tram. ('ham. 

■ Hoe., 1879, 35 , 244, 

Me re, u ro us or mercuric, 
chloride. 

Mercury diethyl. 

Buekton, Annalvn, 1859, 109 , 
219 ; Jahmbcr., 1858, p. 390. 

Cupric chloride. 

Ethane, butane, ethylene, 
metallic copper. 

Wanklyn and Caries, Annalvn , 

18(51, 120 , 09. 

Silver chloride, ferric, 
iodide, zirconium 
chloride, titanium 
chloride. 

Similar to above. 

Wanklyn and Carius, ibid. ; 

Buekton, Annalvn , 1859, 109 , 

* 225; Hinsberg, Annalvn, 1887, 
239 , 254 ; PaternO and Pera- 
toner, Iter., 1889, 22 , 407. 

Methylmercuric iodide. 

Mercury diethyl, zinc di- 
methyl. 

Frankland, Annalvn, 1859, m, 
57 ; Jahrvnbvr. , 1859, p. 113. 

Ethy lmercurio i< xlide. 

Mercury diethyl. 

lim. kt» on, . 1 malm, 1 K.'ii), 109 , 
222; JiihrcKbcr., 1K/5N, p, :«)(). 

Tin diethyl di-iodide. 

Tin tetraethyl. 

Buekton, ibid. ; Frankland, 
Annalvn , 1859, m, 40. 

Carbon bisulphide. 

Compound Zn Et a .CS a . 

CraboWHki, Annalvn , 18(5(5, 138 , 
105. 

Chloroform. 

Probably Et.CH (M.VU a 
and some propylene. 

Rieth and BoMstein, Annalvn , 
1802, 124 , 215. 

Carbon tetrachloride. 

Ethylene, propylene. 

do. 

Bromoform. 

Ethyl bromide, propylene. 

Alexey elf and Be Mate in, Hull. 
Hoc. vhim,, 1801, | 2 |, 2 , 52; 
Jahrvnbvr ., 1804, p. 470. 

Vinyl bromide. 

u- Butylene. 

Wurtz, Annulm , 18(59, 152 , 22 ; 
see also Chapman, Tram , 
Chvm. Sac. , 1807, 20 , 28; 
Annulm, 1807, 144 , 255. 

tort. Butyl iodide. 

Trimethylethylmethane. 

Coriainow, Annalvn , 1873, 165 , 

107. 

Ally! iodide. 

Ethylene, propylene, pen- 
tane, diallyl and a hydro- 
carbon, O s H 10 * 

Wurtz, Annalvn, 18(52* 123 , 203 ; 
18(53, 12 % 55 ; 1808, 148 , 30 ; 
see also Wagner and Saizew, 
Anrnden , 1 875, 179 , 304, 

Methylene iodide. 

Ethylene, butane. 

Lwow, */. Mum. Phjfs. Chvm . 
Hoc., 1870, 3 , 170; Jahrvnbvr,, 
1871, p. 419, 
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Reactions of Zinc Diethyl— continued. 


Reacting Substance. 

Resulting Products. 

References. 

Nitroethane, then 
water. 

2 -Nitropropane, then 
water. 

2 -Nitrobutane, CH 3 .CH 
(N0 2 ).C 2 H 5 and N-ethyl- 
N-sec. - butylhydroxyl- 
amine, CH 3 .CH(C 2 H 5 ). 
N(OH).C 2 H 5 . 

2-Nitro-2-methyl- butane 
and N -ethyl-N - tert. - 

amylhydroxylamine. 

Be wad, J. prakt. Ghem 1901, 
[ 2 ], 63 , 90, 193 ; see also Lach- 
man, J. Amir. Ghem. Soc., 
1901, 23 , 897 ; Mamlock and 
Wolff enstein, Ber., 1901, 34 , 
2499. 

do. 

1 -Bromo-l-nitro- 

ethane. 

2 -Nitrobutane. 

Be wad, J. Bu ss, Phys. Ghe m. 
Soc., 1888, 20 , 133 ; J. prakt. 
Ghem., 1893, [ 2 ], 48 , 356. 

Alkyl nitrites, 

R.O.NO. 

Diethylhydi’oxylamine, 
(C 2 H 5 ) 2 N.OH, and 
alcohols of type R.OH. 

Bewad, J. prakt. Ghem., 1001, 
[2], 63 , 95. 

Nitrosobenzene. 

Phenyl hydroxylamine, 
azoxy benzene. 

Lachman, Amer. Ghem. J., 1899, 

21 , 437, 442 ; J. Amer. Ghem. 
Soc., 1901, 23 , 901. 

Paraldehyde ur alky- 
lene oxides. 

No action. 

Granichstadten and Werner, 
Momtsh., 1901, 22 , 323, 325. 

Acetaldehyde. 

Methyletliylcarbinol. 

Wagner, J. Buss. Phys. Ghem. 
Soc., 1876, 8 , 39 ; Annalen, 
1876, 181 , 261. 

Acrolein. 

Ethylvinylcarbinol. 

Wagner, J. Buss. Phys. Ghem. 
Soc., 1884, 16 , 315. 

Chloral or butyro- 
chloral. 

Ethylene and correspond- 
ing primary alcohols. 

Gazarolli-Thurnlakh, A nnalen, 
1881, 210 , 63; 1882, 213 , 

369 ; see also Delacre, Gompt. 
rend,, 1887, 104 , 1184; Bull 
Soc. chim., 1887, [ 2 ], 48 , 784. 

Dichloroacetal. 

Ethyl chloride, propylene, 
diethyl ether. 

Paterno, Annalen, 1869, 150 , 134. 

Acetone. 

Mesityl oxide and other 
condensation products. 

Pawlow, Annalen, 1877, 188 , 

■ 130. 

Chlorodimethyl ether. 
Similar reaction with 
chloromethylethvl 
ether. 

Methylpropyl ether. 

Henry, Gompt. rend., 1891, 113 , 

369 ; Bull. Soc. chim., 1892, 

[3], 7 , 150. 

Diethyl oxalate or 
ethyl oxalyl chloride. 

a- Oxy diethyl-ace tic ethyl 
ester. 

Erankland, Annalen, 1863, 126 , 

109 ; Frankland and Duppa, 
Annalen, 1865, 135 , 29 ; 

Henry, Ber., 1872, 5 , 950. 

Malonic ester. 

Phloroglucin dicarboxylic 
acid diethyl ester. 

Lang, Ber., 1886, 19 , 2938 ; see 
also Moore, Trans. Ghem. Soc., 
1904, 85 , 165. 
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Reactions of Zinc Diethyl— continued. 


Reacting Substance, 

Resulting Pr< aluets. 

References. 

Acetyl chloride. 

Methy Idiotliy lour bino I or 
methylelhyl ke torn \ 

Freund, Annakn, 1861, 118 , 3 ; 
Butlerow, Zvitseh, Ghm 

1 805, p. 014. 

Iso butyrvl chloride, 
then water. 

Kthyle ne, etliy lisopropy t 
ketone, cthylisopropyl 
earbinol, diethyl iso- 

propyl earbinol. 

Grigoro wit sell and l’aw low, J. 
Huns. HI n/n. Ohcm . Noe., 1891, 
23 , 1 02 . 

Benzoyl chloride. 

Ethylphonyl ketone. 

Freund, Annate, n, 1801 ;i 18 , 20 ; 
Kalle, Annate n, 1801, 119 , 105. 

Acetic anhydride. 

Me thy h dhy 1 ke U > no. 

GranicliHtadtcu and Werner, 
Monat.sk., 1901, 22 , 315, 

Acetamide. 

Zinc acetamide, Zn(NH. 
V ( ).( IH a ) a , ethane. 

Krankland, Jahrvnber,, 1857, p. 
Ill); Gal, Hull, Hoe, ehim 
1883, [2 j, 39 , 047. 

Oxamide, 

Zinc oxamide, ethane. 

do. 

Ethylamine. 

Ethane, compound 

Zn(NH.(' a ll & ) a . 

Gal, Hull , Hoc, ehim ,, 1883, [2], 
39 , 583. 

Diathylaminc. 

Triothy lamina or trb 
ethyiphosphine. 

Compound Zn[N(O a Ilr»)aiji* 

No action. 

Krankland, Jahrvnher,, 1857, p. 
419. 

Gal, he, eit. 

l')i phony Initrosaminc. 

Dicthylhydroxyiamine. 

Bachman, Amer. t 'hem, , /,, 1899, 
21,430 ; Her., 1900, 33 , 1022; 
see also Japp and Wilcox, 
Trams, (Jhem. Hoe,, 1880, 37 , 
005 ; Japp and Miller, Trims, 
('hem, Hoe,, 1881, 39 , 224, 

Tetraethyl ester of 
orthosilioic acid and 
sodium. 

' trie thy Isilieane, tetra- 

ethylsilicane, triethyl * 
silicyl ethyl ether, di- 
ethyl diethoxysilicam*, 
ethyl triethoxy sil ioA.no. 

Laden Imrg, Annakn , 1872, 164 , 

301. 


Zinc dipropyl, Zn(C u II 7 ) 2 , is obtained as follows : « 

1. By heating mercury dipropyl and zinc in a sealed tube at 1 20° to 
180° C. 1 

2. By heating propyl iodide and zinc turnings under a reflux con- 
denser at 1130° (V J Yield 80 per cent. 

3. By heating together propyl iodide and zinc copper couple, then 
distilling the reaction mixture in a stream of carbon dioxide. Yield 
75 per cent. 3 

* Cahours, Go/npL rend., 1873, 76 , 136, 751 j Jahrmber ,, 1873, p. 518. 

'f Pape, I hr., 1881, 14 , 1873. 

3 OlftiUtono and Tribe, Iter., 1873, 6 , 1130; sea also Henry, CompL rend., 1891, 1 x 3 , 
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4. Propyl iodide, 140 grams, and 5 grams of sodium zinc alloy arc 
heated with 280 to 350 grams of zinc turnings for four to five days on 
the water-bath. Distillation of the product gives a 43 to 50 j)e;r cent, 
yield of zinc dipropyl. 1 

Zinc dipropyl is a colourless, heavy liquid of very unpleasant smell, 
and its boiling-point differs according to the various investigators as 
follows : 146° C. (Gladstone and Tribe); 148° C. (Schtscherbakoff) ; 
150° C. (Pape) ; 158° to 160° C. (Cahours). It undergoes the following 
reactions : — 

1. Decomposed by water, with evolution of propane. 

2. With phosphorus and arsenic trichlorides it yields tripropyl- 
phosphine and tripropylarsine respectively. 

3. With trichlorosiiicane it gives tripropyl and tetrapropylsilicanes. 3 

4. With tm tripropyl iodide, tin tetrapropyl is formed. 
formed" 3 ^ 1 acetaldehyde, ethyl alcohol and methylpropylcarbinol arc 

ether 4 CUorodimethyl ether with zinc dipropyl yields methyl-n-butyl 


, 7 ‘ .^ lth f 6t /l chloride, methylpropylcarbinol is formed and 

carbmol 1 ^ eV ° Ved ' 111 a similar wa ^ b^Y 1 chloride gives dipropyl 

Zinc di-isopropyl, Zn(C 3 H 7 ) 2 , results as follows : — 
finally at W0 I ° > C ,1 ° dlde ^ C ° PPer C ° UpIe are heated at 50 ° C - and 
nine 2 hours wfth inf de (170 f ams ) “ 100 of ether are heated for 

o a S : 2t °^r s °i r c and 2 to 8 » ° f sodium ^ a i k> y 
.ta. JS. 2,? 1 11,6 Pr0du<!t *** » »i> bath in l 

addtlS5SraS?,i 1 „?- Sr T , .“ d 140 S'"” ot dust are 
»,. the ™,iStT ’Sd a “er reniT “ d «“ wh » fe »=atcd at 40“ 0. 

i» I* ami 

decomposition at 135° to 137° P but with a f^i 7 2 ‘ ^ 01 s Wlt * 1 8ome 

98“ C. at 40 mm. It inflames T tW d f om P°sition at 94° to 

atmosphere. ' a ar ^ e surface is exposed to the 

,«S,_ i80b " tyl ' *<«*>. "iay b« prepared by the followin K 

to 150° C. iu eatm ° lnereul y di-isobutyl and zinc in a sealed tube at l:jo° 


lSSflfrmo 8 ’ J ‘ RUSS ' Ph ' JS • Cllem - Soc -’ 1881 > *3, 350 ; Jahresber., 1881, p 890 ■ 
l *?!*• 1884, 222 , 359 j Her., 1881 n i S7 , 

t% 1883 ’ l6 ’ 2284; see 

188 f\ 22 , 3 ; l ! } \ , „ ’ ’ 336 ’ Garzarolh-Xhurnlaokh, Annalen, 

mh I3 ’ 343 : JakreSber ” 1881 ’ p ’ 890 : 

* 2I> 357 ; , , ra „ 
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2. By heating zinc with isobutyl iodide for eight to ten i, ram 

3. By heating zinc and isopropyl iodide for sixty hours under „ 

pressure of 30 ram on a water-bath, then distilling off the product in an 
atmosphere of hydrogen. 2 product m an 

l™ “=S' a Uie t S'Tc < it ^AS in ^ t “^o 

iSK “0 ehiU“ o1 ^ 

Zinc di-isoamyl, Zn(C B H u ) 2J is prepared either by heaths iso 
arayl iodide and zinc at 180 ° C.« or by heating mercury di-isoamyl and 

at. 220 C. and has a density of 1-022 at 0° C. With acetaldehvde it 
forms methyl isoamyl carbinol, isoamyl alcohol, and ethyl alcohol 7 
Zinc methyl methylate CII ; ,Zn.OCH 3 , is obtained by dissolving 
/me dimethyl, m methyl iodide and passing air through the 7 mixture or 
by treating zme dimethyl with a little methyl alcohol. 8 It forms a 

ate ^ 7 nfO CH I l^amlT ‘l^’ USual . ly , containing some zinc dimethyl*- 

L[o^i,oi; ( Sn Cfiroiidc y ’“ te i,,to rac,hMe - mctfi y‘ 

Zinc methyl ethylate, CH,.Zn.OC,H„ is formed from zinc di. 
methyl and the tetraethyl ester of orthosilicie acid. 8 It is a crystalline 
conipound, decomposed by water, with separation of zinc hydroxide. 

methods I 6 ? 71 10dlde ’ C * H «* ZuI » niay bc isolated by the following 

1. Ethyl iodide zinc turnings, and a little zinc diethyl are allowed to 
stand in a sealed tube for about a week at room temperature 10 

pj'y 1 1 ioditle and zinc-copper couple are heated under reflux on a 
water-bath for thirty to sixty minutes. 11 

3 Equivalent quantities'of zinc and ethyl iodide arc mixed with an 
equal volume of ether in a reflux apparatus, the air replaced by carbon 
dioxide, and the mixture heated until all the zinc dissolves. The ether 
news”* eva l )0ratcd ofr > ica-vinff the zinc ethyl iodide as a crystalline 

Zinc ethyl iodide is a white crystalline product which decomposes 
|;^ nC ti 1 7 1 „ aU< ? 551,10 iodidc W } Xcn distilIcd a stream of carbon 
ethyl iodide - C ° 0Winff arc somc ot thc reactions carried out with zinc 

1 Laraarolli-Thurnlinskh and Poppnr, Annalen, 1884,223 108 
. 1900, 30, ii. 23 ; Cham. Zentr., 1900, ii. 024. 

; 18 “ 7, ** m > »* * *»• 

6 Frank hind, Annalen , X 853, 85, 360. 

« Frankland and Duppa, Annalen, 1804, 130, 122 ; Marquardt, Her., 1888, 21, 2038 
SsokolofT, J Rum /*%#. Ckem. Hoc., 1887, 19, 203 ; Jahrcsbcr., 1887, p 1351 
8 Butlerow, , /(thresher 1864, p. 467. 1 * 

0 Baden burg, A nnalen , 1874, 173, 148. 

24, J ;).'f ilUti aU<l 0lulta l >ul °’ SaKtetbt, 22, it 388; Laohman, Amer. Chan. J., 1900, 
u Laohman, ibid. 

33,^ '[infill! A " lCr ' C,la>1 ' J ’ 1<J01- 25 423 ’ 8C ° J ° b and ReioIl > Bul1 - Soe. clam., 1923 


26 


ORGAN OMETALLIC COMPOUNDS. 


1. When heated with powdered tin it forms tin tetraethyl. 1 

2. With isobutyl iodide it gives trimethylethylmethane, ethylene, 
and isobutylene. 2 

3. With allyl iodide it yields ethyl iodide, diallyl, methylethylethy- 
lene, ethylene, propylene. 3 

4. Zinc ethyl iodide with nitro-ethane gives /3-ethyl- /3-sec-butyl- 
hydroxylamine, 4 and with isoamyl nitrite, /3./3-diethylhydroxylamine. 

5. With chloroacetyl chloride it gives the chloroacetic ester 
of chloromethyldiethylcarbinol, CH 2 C1.C(C 2 H 5 ) 2 .0.C0.CH 2 C1 ; 5 with 
butyryl chloride it forms hexanon-(3) ; 6 with benzoyl chloride, ethyl 
phenyl ketone is obtained, 7 and with benzene sulphonic chloride, the 
main product is zinc benzene sulphinate and a little sulphone. 

6. Zinc ethyl iodide and diethyl malonate yield ethyl-diethyl malon- 
ate and some diethyl ester of diethyl malonic acid. 8 

7. Zinc ethyl iodide does not react with carbon dioxide. 9 

Zinc ethyl trichloroethylate, C 2 H 5 .Zn.O.CH 2 .CCl 3 , is obtained by 
the action of zinc diethyl on chloral in ethereal solution. 10 The com- 
pound is crystalline, and with water yields trichloro- ethyl alcohol. 

Zinc isopropyl iodide, (CH 3 ) 2 CH.ZnI. — Zinc and isopropyl iodide 
are heated together and the product extracted with ether. 11 With 
isoamyl nitrite it yields N.N-di-isopropyl hydroxylamine, and with 
nitroethane, N-isopropyl-N-(a. /3-dimethylpropyl )-hydroxylamine is 
obtained. 

Zinc diphenyl, ZnPh 2 , 12 is obtained by boiling mercury diphenyl and 
zinc for two minutes in an atmosphere of hydrogen. On cooling, 
rosettes of crystals of zinc diphenyl separated, M.pt. 105° C. The com- 
pound is dried in a vacuum apparatus at 80° C. in hydrogen atmosphere ; 
it then melts (in hydrogen) sharply at 105° to 106° C. Zinc diphenyl is 
susceptible to air and light, and in presence of water yields zinc hydroxide 
and benzene. In dry air it decomposes into zinc oxide and diphenyl. 
It inflames with fuming nitric acid. In hydrogen, zinc diphenyl boils 
under ordinary pressure at 280° to 285° C. with slight decomposition. 
It is easily soluble in benzene, ether, and light petroleum, also in chloro- 
form with evolution of heat. When the reaction product from the 
chloroform solution is decomposed with dilute nitric acid there is much 
chlor-ion in solution, and triphenylmethane may be isolated from the 
chloroform solution. From an iodine solution of zinc diphenyl, phenyl 
zinc iodide is obtained. Zinc diphenyl heated with fifteen atomic 
proportions of mercury for ten minutes gives only traces of mercury 
diphenyl. 


1 Letts and Collie, Jahresber ., 1886, p. 1601. 

I Ssimonowitsch, J. Russ. Rhys. Chem. Soc., 1899, 31 , 41 ; Chem. Zentr., 1899, i. 1066. 

3 Gwosdow, J. Russ. Phys. Chem. Soc 1903, 35 , 340 ; Chem. Zentr., 1903, ii. 339. 

. ^ er ' ’ 1^07, 40 , 30/2 ; J. Russ. Phys. Chem. Soc., 1907, 39 , 958 ; Chem. Zentr., 

1908, 1 . llo. 

5 Blaise and Herman, Ann. Ghim. Phys., 1911, [81, 2 ?, 522. 

J Michael, Ber. f 1906, 39 , 2144. LJ 

7 Michael, Amer. Chem. J., 1901, 25 , 423. 

8 Michael, ibid., 424. 

9 Zelinsky, Ber,, 1902, 35 , 2694. 

48 1 78 g arZar0lli ' ThUI ’ nlaCkh ’ Amakn > 1881 > 2I0 > 64 ; Delacre, Bull. Soc. chim., 1887, [2], 

1908 ’rhg 1907 ’ 4 °’ 3066 ’ J ' RmS ' PhyS ' Chem - Soc 1907, 39, 950; Chem. 

12 Hilpert and Gruttner, Ber., 1913, 46 , 1675. 
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The physical constants for some mixed zinc alkyls 4 are given in the 
Appendix, Table I. 


Cadmium. 2 

Lohr 3 from metallic cadmium and methyl iodide obtained a small 
quantity of cadmium methyl, but he was unable to purify it. Wanklyn 4 
also obtained a small amount of liquid, undoubtedly cadmium diethyl, 
by the interaction of ethereal ethyl iodide and metallic cadmium! 
These compounds have since been obtained in good yields from cadmium 
halides and alkyl magnesium halides. Since the compounds are oxidised 
in air and affected by moisture, the Grignard solutions cannot be decom- 
posed by water, but are distilled directly, and the product purified by 
fractionation under reduced pressure. The boiling-points are high com- 
pared with those of the mercury dialkyls. This is not due to associa- 
tion, since the molecular weights determined by the freezing-point 
method indicate single molecules, and the vapour density of the 
methyl compound is normal. The pure cadmium dialkyls are colourless, 
strongly refracting liquids, for the most part crystalline on stroim 
cooling. They possess an unpleasant musty odour, and have a 
metallic taste. The low molecular compounds, especially the methyl 
derivative, are extremely volatile at ordinary temperatures, their 
vapours irritating the mucous membrane of the nose. They volatilise 
along with ether vapour, especially cadmium dimethyl, so that the 
complete separation, in spite of the wide difference of boiling-point, 
only succeeds with appreciable loss, even when a fractionating column 
is used. This bears a resemblance to zinc dimethyl which gradually 
decomposes on distillation . 5 In a nitrogen atmosphere in the dark, 
cadmium dialkyls may be kept for a month without decomposition! 
In the piesence of traces of air or moisture they become coloured, par- 
ticularly rapidly in the light, when they change to steely-blue, and 
a black deposition of metal occurs. The methyl compound gives 
a white precipitate. When poured upon a watch-glass they oxidise 
rapidly without inflaming, giving off brown fumes. They carbonise 
filter paper, which ultimately glows. They inflame under suitable con- 
ditions, and do so with hissing when drained from a pipette. Cadmium 
dimethyl differs from all other cadmium dialkyls in its oxidisability. It 
fumes less in air and becomes coated only with a white crust of methylate. 
In water the compounds sink, and when shaken slowly decompose with 
a crackling noise, continuing thus for hours. With most organic 
solvents they are miscible, the solutions in air becoming covered with a 
white film. Pure cadmium dialkyls can be heated in an indifferent gas- 
stream to 150° C. without decomposition. At slightly higher temper- 
atures they begin to decompose with evolution of gas and deposition 
of black metallic cadmium, and at 180° C. they explode. 

Cadmium dimethyl, CdMe 2 . — Twenty-nine grams (1-2 mols.) of 
magnesium and the requisite amount of methyl bromide are dissolved in 
350 c.c. of ether, and 136 grams (0-5 mol.) of finely powdered, anhydrous 
cadmium bromide introduced in small quantities, with good shaking and 

1 Krause and Fromm, Ber., 1926, 59 , [Bj, 931. 

a Krause, Ber., 1917, 50 , 1813. 

3 Lohr, Annalen, 1853, 87 , 55. 

4 Wanklyn, Quart . J. Chem. 80c., 1856, 9 , 193 ; Jahresber., 1856, p. 554 

5 Frankland, Annalen, 1859, 1 x 1 , 62. 
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without cooling. When the reaction is complete, the majority of the 
ether is distilled off in a stream of nitrogen, using a fractionating column, 
and a temperature not above 80° C. The residue is distilled from an oil 
bath, in nitrogen, at a pressure of 13 mm., the ether and cadmium 
methyl being collected in a receiver cooled in liquid air or carbon dioxide- 
ether mixture. After one hour the temperature is raised to 120° G. 
The product is fractionated to remove the ether, then distilled in nitrogen 
at ordinary pressure. At 105*6° C. 60 grams of pure cadmium methyl 
are obtained. Yield 85 per cent. When poured into water it sinks, 
evolving methane and giving a precipitate of cadmium hydroxide. 
When cooled it solidifies, melting at —4*5° C., the crystals taking the 
form of star-shaped rods when the product is distilled under reduced 
pressure into a receiver cooled in liquid air. 

The following cadmium alkyls may be prepared in a similar manner, 
the yields being shown in each case : — 

Cadmium diethyl, 90 per cent. ; cadmium di-n-propyl, 85 per 
cent. ; cadmium di-n -butyl, 70 per cent. ; cadmium di -isobutyl, 
75 per cent. ; cadmium di-isoamyl, 55 per cent. 

The physical constants of these compounds are shown in the 
Appendix, Tables II. and III. 

Cadmium diphenyl, CdPhg, 1 may be obtained by heating metallic 
cadmium and mercury diphenyl in an atmosphere of hydrogen. It is 
stable in the dry state, but becomes discoloured when kept in a vacuum 
desiccator for an hour. When air is passed through its benzene solution 
several colour changes take place, and a reddish-brown body is finally 
precipitated. With water the brown solution is decolorised and 
cadmium hydroxide precipitated. Cadmium diphenyl quickly de- 
colorises iodine solution, and the' cadmium maybe replaced by mercury 
or zinc with formation of mercury and zinc diphenyl. 

1 Hilpert and Gruttner, Ber. } 1913, 46 , 1675. 



CHAPTER III. 
MERCURY. 


Alkyl Compounds of the Types R 2 Hg and RHgX. 

The early workers on the type R 2 Hg prepared their compounds by 
making use of dilute sodium amalgams. The alkyl iodides were shaken 
with an excess of sodium amalgam, containing 0*2 to 0*25 per cent, of 
sodium, in the presence of methyl or ethyl acetate, the latter acting as a 
catalyst. In this way the following derivatives were produced, methyl, 
ethyl, n-propyl, isobutyl, isoamyl, and n-octyl. The reaction takes 
place readily at ordinary temperatures and is very vigorous in the case 
of the lower members of the series. Since the discovery of the Grignard 
reagent, the above method of preparation has been abandoned, and 
practically all the compounds have since been isolated by the inter- 
action of magnesium alkyl halides and mercury halides. Amongst other 
methods of preparation devised for the production of these compounds 
the following are of interest. Mercury dimethyl has been formed from 
methyl mercuric iodide (type RHgX) by distillation with potassium 
hydroxide or cyanide, calcium hydroxide, zinc methyl or granulated 
zinc, or by boiling its pyridine solution with metallic copper. Methyl 
mercuric acetate in the presence of pyridine when subjected to electro- 
lysis yields mercury dimethyl, also the action of aluminium carbide 
on a dilute hydrochloric acid solution of mercuric chloride. Mercury 
diethyl has been obtained from methyl or allyl mercuric iodides by 
treating them with zinc ethyl and also from a-naphthyl mercuric bromide 
and ethyl magnesium bromide. The latter reaction was carried out in 
an attempt to produce mercury ethyl a-naphthyl. Triethylbismuthine 
is decomposed by mercuric chloride, the mercury replacing the bismuth, 
forming mercury diethyl. The only case when mercuric oxide is used 
in the formation of the type R 2 Hg is its interaction with ethyl hydrazine 
to produce mercury diethyl. Mercury di-sec-butyl has been formed by 
the electrolysis of methyl ethyl ketone using a mercury cathode. 

All the compounds of the type R 2 Hg are liquids ; the methyl and 
ethyl derivatives are volatile at ordinary temperatures, and are said 
to be very poisonous. Mercury dimethyl, diethyl, and di-n-propyl may 
be distilled under ordinary pressure without decomposition ; mercury 
di-isopropyl, di-n-butyl, di-isobutyl and di-sec-butyl, have only been 
distilled under reduced pressure ; mercury di-tert-butyl and di-tert- 
amyl show considerable decomposition even when distilled at 5 mm. ; 
mercury di-isoamyl also undergoes decomposition when distilled in 
vacuo , but is volatile in steam, whilst mercury di-sec-octyl cannot be 
distilled at all, since it decomposes even at 3 mm. 

Mercury di-isobutyl and di-isoamyl react with halogens to form 
halides of the type RHgX, and mercury diethyl gives similar results 
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except that it inflames with chlorine. Iodine reacts with mercury di- 
methyl, di-n-propyl, di-sec-butyl, and di-n-octyl to yield the correspond- 
ing iodides, RHgl. 

With acids, mercury dimethyl, diethyl, and di-n-propyl form salts 
of the type RHgX, but mercury di-isoamyl is decomposed by glacial 
acetic acid. 

By electrolysing methyl or ethyl mercuric halides in liquid ammonia 
solution the complexes, MeHg- and EtHg- are obtained as black deposits 
on the cathode, which show metallic reflexion and have a high electrical 
conductivity. 

The mercury may be replaced from mercury dimethyl by sodium, 
magnesium, zinc, or aluminium under suitable condition with formation 
of organometallic compounds of these metals; with mercury diethyl, 
the reaction takes place with sodium, magnesium, cadmium, beryllium, 5 
zinc, aluminium, bismuth, and tellurium ; with mercury di-n-propyl, ? 
the metals sodium, beryllium, zinc and aluminium react, and sodium 
also reacts with mercury di-n-octyl. 

Phosphorus trichloride, stannous chloride, and mercuric iodide give 
products of the type RHgX with mercury dimethyl, but cadmium 
iodide does not yield the above type, and antimony trichloride yields an 
organometallic compound. Mercury diethyl reacts with the trichlorides 
of phosphorus, arsenic, and antimony to yield organo derivatives of these 
elements, and with mercuric chloride it gives ethyl mercuric chloride. 

Some of the methods by which the type RHgX may be prepared are 
outlined in the above discussion of the type R 2 Hg. In contrast to the 
compounds just discussed, all derivatives of the type RHgX are solids. 
It has been pointed out that a number of the halides may be obtained 
by the direct action of halogens. Others may be formed from the 
corresponding hydroxides by the action of acids, whilst tert-butyl, tert- 
amyl, and sec-octyl mercuric bromides are prepared by treating the 
magnesium alkyl halides with an excess of mercuric bromide. Mag- 
nesium n-butyl bromide with an excess of mercuric chloride gives equal 
parts of the chloride and bromide. The halides, especially the iodides, 
may be converted to the hydroxides by moist silver oxide, and in the 
case of the methyl and ethyl compounds they may be obtained direct 
II om the R 2 Hg type by the action of potassium permanganate. 

^ as ^ s 9 0vere 4 as earl Y as that mercury combines with 
methyl iodide m sunlight to form methyl mercuric iodide, and a similar 
reaction takes place with ethyl iodide, but owing to the tendency of 
ethyl mercuric iodide to decompose in direct sunlight, the operation must 
be conducted m diffused light. The n-propyl and isobutyl iodides also 
react with mercury to give the corresponding iodides. The reaction, 
however, is much more rapid with the unsaturated alkyl and propargyl 
whilst, with methylene iodide it only goes to completion after 
several days. Methyl mercuric iodide has also been formed by treating 
magnesium methyl iodide with an excess of mercuric chloride. 

Alkyl Compounds of the Type R 2 Hg. 

Mercury dimethyl, HgMe* may be prepared : 

■olid potehtm 5Se“ °' “ ° f metl,yl mercu ™ iodide “ d 

1 Buckton, Anmlen, 1858, 108 , 103 ; Jahresber., 1858, p. 388. 
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2. The same compound is isolated when the potassium cyanide 
is replaced by potassium or calcium hydroxide. 

3. By the distillation of methyl mercuric iodide and zinc dimethyl. 1 

4. By the distillation of methyl mercuric iodide and granulated 
zinc. 2 

5. A mixture of 10 parts of methyl iodide and 1 part of methyl 
acetate is shaken with an excess of 0-2 per cent, sodium amalgam, the 
whole being kept cool as the reaction is very violent during its initial 
stages. 3 

6. Mercuric chloride is dissolved in a very dilute aqueous solution of 
hydrochloric acid and an equal weight of aluminium carbide added, 
mercury dimethyl soon separates. 4 

7. By action of the Grignard reagent on mercuric chloride. 5 * In this 
reaction it is necessary to remove any unchanged magnesium from the 
Grignard solution before the addition of the mercuric chloride, otherwise 
some reduction to mercurous salt occurs, the yield being consequently 
lowered. Yield 01 per cent. 

8. The most satisfactory method so far described for the preparation 
of mercury dimethyl consists in subjecting an aqueous solution of 
methyl mercuric acetate containing pyridine to electrolysis. 0 This 
process gave a yield of 92 per cent. 

9. By treating methyl mercuric iodide in pyridine solution with 
metallic copper. 7 

The compound is a colourless liquid having a faint sweetish odour, 
is easily inflammable and a very deadly poison; B.pt. 93° to 06° C., 
density 3*069 ; 2*95412 at 22*2° C. It is readily soluble in alcohol or 
ether, insoluble in water. The following values were found for the 
refractive index by Ghira: 8 * n* 1*52780; n y 1*55588; n,.> 1*58266 at 
22*2° C. The following physical constants are due to Krause : 0 B.pt. 
92° at 761 mm., density 3*0836 at 19*2° C., n Ua 1*54212, n T , 1*54735, 
n,n/s 1*56052, uh } 1*57177 at 16*8° C. From these the following were 
calculated: MR n « 23*528; MR,) 23*717; 1-058; MA^„ 0-659; 

ARh«. 12*148; AR n 12*282; AA y u 0*773; AA^..* 0*472. The molec- 

ular heat of combustion at constant volume is 480,800 calories, 10 and 
work on the dielectric constant has been carried out by Matthews, 11 
and studies of the absorption spectra by Crymble. 12 The complex 
Mellg- has been isolated 13 by electrolysing methyl mercuric halides 
in liquid ammonia solution. It forms a line black deposit on the 
cathode, and may be obtained in the form of Hakes if the process be 
carried out in water or alcohol solution. The latter form appears to be 
more stable than the former, which decomposes into mercury and 

I Buckton, Annalen , 1859, 109 , 222; J (thresher. , 1858, p. 390 ; </. prakt. Ohem ., 1859, 
1 1 1, 76 , 302. 

4 Buckton, Tram, Ohem. Boc 1803, 16 , 21 ; Jahresber ., 1803, p. 469. 

3 Frankland and Duppa, Trans. Ohem. Boc ., 1803, 16 , 415 ; Annalen , 1804, 130 , 104. 

4 Hilpert and Ditmar, Ber„ 1913, 46 , 3738. 

fi Marvel and Gould, */. Amer. Ohem. Boc 1922, 44 , 153. 

® Maynard and Howard, Trans. Ohem. Boc., 1923, 123 , 900. 

7 Hein, Wayler, and Rutter, Her., 1925, 58, [B], 1500. 

8 Ghira, A til. R. Accad. Lined , 1894, [5 ], 3 , i. 298 ; Gazzetta , 1894, 24 , i. 311. 

8 Krause, Bor., 1920, 59 , [B], 935. 

10 Berthelot, OompL rend., 1899, 129 , 918. 

II Matthews, Ohem. Zentr „ 1906, i. 224. 

12 Crymble, Trans. Ohem. Boc 1914, 105 , 058. 

13 Kraus, J. Amer. Chem. Boc. t 1913, 35 , 1732. 
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cti vfty^i^ljiv , r ° om temperature. The deposits have a high 
rcurv' r ]) 1 l h l lblt metallic reflexion. g 

ted in th^?ollLh^X e :~ aCtl0n ' S With various substances as 


REACTIONS of mercury dimethyl. 


Conditions of 
Reaction. 

Resulting Products. 

References. 

A Alcoholic solu- 
tion. 

Methyl mercury iodide 
methyl iodide. 

Buckton, Annalen, 1858, 108 , 
103 ; Frankland and Duppa, 
Trans. Chem. Soc ., 1863, 1 6 , 
415 ; Annalen , 1864, 130 , 104 ; 
Hilpert andDitmar, Ber., 1913 
46 , 3738. 

• Ether solution al 

n o° a 

Ether solution at 
1 lO° G. 

Mercuric cyanide. 

Mercuric iodide, methyl iso- 
cyanide. 

Calmels, Compt. rend., 1884, 00 
240. ' 

V 

Methane, methyl mercuric 
salts. 

Buckton, ibid. 

120-130° C. for 

1 hour. 

2 "> 0 ° C. for 16 
hours. 

Methane, methyl mercuric 
acetate. 

Metallic mercury, brown 
amorphous product. 

Otto, Annalen , 1870, 154 , 198. 

Jones and Werner, J. Amer. 
Chem. Soc ., 1918, 40 , 1257. 

Ether solution 

at — 20 ° 0 . 

Imido dihydroximic acid. 

Dioxybiuret, methyl mer- 
curic nitrate. 

Bamberger, Ber., 1899, 32 , 3546 ; 
Bamberger and Muller, Ber., 
1899, 32 , 3549. 


Methyl mercuric chloride. 

Buckton, loc. cit. 


Methyl mercuric chloride 
mercury, trimethylstibine 
dichloride. 

Buckton, Trans. Chem. Soc., 
1863, 16 , 22; Jahresber., 1863, 
p. 470 ,* Landolt, Annalen , 
1851, 78 , 91. 

" 

Methyl mercuric iodide. 

Buckton, Annalen, 1858, 108 

105. 

* * 

Methane, mercury, mercuric 
iodide. 

Lohr, Annalen, 1891, 261 , 48. 


Crystalline product yielding 
methyl mercuric chloride 
and a tin compound with 
water. 

Buckton, he. cit . 


Methyl mercuric hydrox- 
ide (?) (not isolated). 

Seidel, J . prakt. Chem., 1884, F 21 

29 , 135. J ' 

Sealed tube at 
150—210° C. 

Metallic mercury, grey pro- 
duct not analysed. 

Holzmann, Ber., 1888, 21 , 2071. 
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Reactions of Mercury Dimethyl— continued. 


' 

j Reacting Sub- 
stance. 

Conditions of 
Reaction. 

Resulting Produets. 

Reverences. 

Sodium. 

Alcoholic solu- 
tion. 

Mercury, gas evolved. 

Chapman, Trans. Ohem. Hoc., 
1866, 19 , 150; Ann ales, 1866, 

Sodium and car- 
bon dioxide. 

Inert solvents. 
Ether solution. 

Sodium methyl. 

Traces of sodium acetate. 

*39> A 

Sehlenk, Her., 1917, 50 , 262. 

Soli origin, Her., 1908, 41 , 2722. 

Cadmium. 


Methane, cadmium amal- 
gam. 

Lohr, loe. tit. 

Magnesium. 

Sealed tube at 
180° 0 . for 86 
hours. 

Metallic mercury, magnesium 
dimethyl. 

Loll r, Joe. tit. ; Fleck, A nnahn, 
1898, 2 76 , 180. 

Zinc. 

Sealed tube at 
120 ° 0 . 

Metallic, mercury, zinc di- 
methyl. 

Frankland and Duppa, Trans . 
Ohem. Hoc., 1864, 17 , 28; 
Annahn, 1864, 130 , 117. 

Aluminium. 

Sealed tube at 
100 ° for several 
hours. 

Alu mi nium trimethyl. 

Buckton and Gelling, Annahn 
Huppl., 1865“ I860, 109 ; Proc . 
Roy.' Hoc., 1865, 14 , 19. 

Oahours, Annahn , I860, x 1 4 , 243, 


Mercury diethyl, IIgEt a , is obtained as follows 

1. By the distillation of ethyl mercuric chloride with potassium 
cyanide. The yield is very small. 1 

2 . By the addition of mercuric or mercurous chloride to cooled zinc 
diethyl. 1 

3. By the distillation of ethyl mercuric iodide with zinc diethyl. 1 

4. From methyl mercuric iodide and zinc diethyl, the other products 
of reaction being zinc dimethyl and zinc iodide. 2 

5. From allyl mercuric iodide and zinc diethyl in cold ether, the reac- 
tion yielding, in addition, diallyl and mercury. 3 

(h By the interaction of 2 per cent, sodium amalgam and ethyl iodide, 
using ethyl acetate as a catalyst. 4 The ethyl iodide may be replaced by 
ethyl bromide. 5 

7. From ethyl mercuric chloride and alkaline stannous chloride 
solution. 5 

8. From a-naphthyl mercuric bromide and ethyl magnesium 

bromide. 7 ‘ 

9. Formed in small quantity when ethyl hydrazine is acted upon by 
mercuric oxide. 8 

1 Buokton, Annahn, 1858, 108 , 103 ; 1859, 109 , 218 ; J (thresher., 1858, p, 889, 

2 Frankland, Annahn, 1859, in, 57 ; J (thresher., 1859, p. 418. 

3 Linnomann, Annahn , 1866, 140 , 180; Krassowski, Her., 1870, 3 , 625: Opponheim, 
Her., 1871, 4 , 671. 

4 Frankland and Duppa, Trans. Ohem. Hoc., 1863, 16 , 418, 424 : Annahn , 1864, 130 , 
109, 117. 

5 Chapman, Trans. Ohem. Hoc., 1866, 19 , 150 ; Annahn, 1866, 139 , 138* 

6 Dimroth, Ohem. Zentr., 1901, i. 451 ; Her., 1902, 35 , 2853. 

7 Hilpert and Criittner, Her., 1915, 48 , 908. 

8 Fischer, Annahn, 1879, 199 , 382 
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10. By the action of mercuric chloride on bismuth triethyl. 1 

11. From ethyl magnesium bromide and mercuric chloride. 

60 to 63 per cent. 2 

12. By treating ethyl mercuric chloride in pyridine solution wif-R 

metallic copper.* ‘ 1 

Mercury diethyl is a liquid of penetrating odour and appreciably 
volatile at ordinary temperature. It boils at 159° C., has a density of 
2-42346 at 23*2° C. and is readily soluble in ether, less soluble in alcohol 
and insoluble in water. The following physical constants have been 
determined: Refractive index, n Ha 1*53519 ; lip 1-53990; n H) 1*56240 
at 23-2° C. 4 Physical constants by Krause: 5 Jl.pt. 57° 0. at 16 mm 
density 2-4660 at 20° C„ n H . 1-54285, n D 1-54765, n IW 1-55990 n,,” 
V^ 7048 ’ MR h« 33-018, MR d 33-262, MA y _ a 1-380, MA,, „ 0-857 

Ha 12-442, AR d 12-591, AA.._ a 0-873, AA,j- a 0-530. Molecular 
heat of combustion at constant volume, 733,600 calorics , 8 Investi»a- 
tions on the dielectric constant have been carried out by Walden 7 and 
the complex C 2 H 5 Hg- was isolated by Krause in a similar manner to the 
corresponding methyl body. Whilst mercury dimethyl possesses much 
the same absorptive power as mercuric chloride, the diethyl compound 
shows much greater absorption . 8 1 

• R eacti ? ns -— The action of various substances on mercury diethvl 
is shown in the following table 1 


reactions of mercury diethyl. 


Reacting Sub- 
stance. 

Conditions of 
Reaction. 

Resulting Products. 

Chlorine. 


Mercury diethyl inflames., 

Bromine or io- 
dine. 

Aqueous solu- 
tion. 

Ethyl mercuric halides, 
ethyl halides. 

Hydrochloric or 
sulphuric acid. 

Heat. 

Ethyl mercuric salts, ethane. 

Glacial acetic 
acid. 

Heat at 220° C. 

for 16 hours. 
Heat at 120° C. 
for 1 hour. 

Ethyl acetate, mercury, 
ethane, ethylene. 

Ethyl mercuric acetate. 

Bromacetic ester. 

Heat at 150° C. 
for 8 hours. 

Ethyl mercuric bromide, 
traces of ethyl acetate. 


HKFKHWNCK.S, 


Buckton, Annulen, 1859, 112, 
221 ; Ju/irexhtr., 1859, i>. 408 ’ 
do. 

Buckton, hr. dt , ■ Anmilm 
IB58, 109, 220; J (thresher, [ 
1858, p. 390 • ./, pml't. Chem ,, 
1800, 1, 79; Sohorlommer, 
Annulen, 1804, 132, 234. 

and Werner, ./. Amen 
Ohem. 80 c. % 1918, 40, 1257. 

Otto, Annalm , 1870, 154, 198. 

Sell and Lippmarm, ./. pro Id 
Chem., 1860, (1), 99, 432. 


0 im> 92> m - ' 

4 S?? 1 * ^ a ^ er » andRetter, Ber,, 1925 r» run’ 

I h ’ 3 ’ i298 ’ ^ 1894 , 24> i . an . 
^BertWot a^. re^., 1899 i2o 918 

8 
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Reactions of Mercury Diethyl— continued. 


Reacting Sub- 
stance. 

Conditions of 
Reaction. 

Resulting Products. 

References. 

Mercuric chlor- 
ide. 

Pleat with rather 
less than cal- 
culated quan- 
tity of HgCl 2 
or alcoholic 
solution. 

Ethyl mercuric chloride. 

Frankland, Annalen , 1859, in, 
60; J ahresber ., 1859, p. 413 • 
Frankland and Duppa, Trans . 
Chem. JSoc., 1863, 1 6 , 415; 
Annalen, 1864, 130 , 104. 

Phosphorus tri- 
chloride. 

Pleat. 

Ethyl dichlnropliosphine, 
EtPCIij. 

Guicliard, Ber., 1899, 32 , 74 ; 
see Miehaelis, Ber., 1880, 13 ’ 
2174. 

Arsenic trichlor- 
ide. 

Excess of tri- 
chloride. 

Ethyl diehloroarsine. 

La Coste, Annalen, 1881, 208 , 33 . 

Antimony tri- 
chloride. 


Ethyl mercuric chloride, tri- 
ethylstibine. 

Buekton, Trans. Chem.Soc., 1863, 
16 , 22 ; J ahresber., 1863, p. 
470. 

Potassium per- 
manganate. 

Boil mixture in 
aqueous solu- 
tion. 

Ethyl mercuric hydroxide. 

Seidel, ■/. prait. Chem., 1884, ( 2 ), 
29 , 134. 


Heat. 

Mercury, combustible gas. 

Buekton, he. cit. 

Iodoform. 

Heat to 00° C, 

Acetylene, ethylene, ethyl 
mercuric iodide, ethyl 
iodide. 

Suida, Monatsh., 1880, i, 716. 

Allyl iodide. 

Heat at 120 - 
150° C. 

Diallyl, ethyl mercuric 
iodide, ethyl iodide. 

do. 

Phenyl iododi- 
chloride. 


Todobcnzene, ethyl chloride, 
ethyl mercuric chloride. 

Wiilgerodt, Ber., 1897, 30 , 57 ; 
.1898, 31 , 921. 

Phenylarsenious 

sulphide. 

Heat. 

Phenyl diethyl arsine, mer- 
curic sulphide. 

Miehaelis and Schulte, Ber., 1882, 
IS, 1956. 

Arsenobenzene. 

Heat to 150° C. 

Phenyl diethyl arsine, me- 
tallic mercury. 

Miehaelis and Schulte, he. cit.; 
Ber., 1881, 14 , 1952. 

Sodium. 

Meat to 100 - 
170° 0. 

Sodium ethyl. Equal vol- 
umes of ethane and ethy- 
lene. 

Schorigin, Ber., 1910, 43 , 1931 ; 
cf. Buekton, Annalen , 1859, 

1 12 , 220 . 

Sodium and car- 
bon dioxide. 

Substances 
heated in ether 
solution and 
gas passed in. 

Propionic acid (sodium salt). 

Schorigin, Ber., 1908, 41 , 2722. 

Sodium and bon- 
zophenone. 

Sodium and 

methyl ester of 
benzoic acid. 

Sodium and 

benzaldehyde. 

Ether solution in 
hydrogen or 
nitrogen atmo- 
sphere. 

Do. 

Ethyldi phony Icarbinol. 

Diethylphenylearbinol. 

Ethylphenylcarbinol. 

do, 

do. 

do. 
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Reactions of Mercury "Diethyl— continued. 


1 

| Reacting Sub- 
j stance. 

| 

Conditions of 
Reaction. 

Resulting Products. 

References. 

Magnesium. 

Heat at 130° C. 
for 36 hours. 

Magnesium diethyl, mer- 
cury. 

Lohr, Annalen , 1891, 261, 4 S ; 

Fleck, Annalen , 1893, 2J6, 

Beryllium (glu- 
cimim). 

Heat at 135° C. 
in sealed tube. 

Beryllium diethyl. 

Cahours, Qompl. rend 1873, 7 <5. 
1383 ; Jahresber., 1873, 520. 

Cadmium. 

Heat at 100- 
130° a 

Cadmium diethyl (not free 
from mercury). 

Frankland and Duppa, Tret ns. 
Chem. 80c., 1864, 17, f>i> ; 

Annalen , 1864, 130, 117.’ 

Zinc. 

Heat at 100° C. 
for 36 hours. 

Zinc diethyl, mercury. 

do. | 

Copper. 

Heat at 150° C. 
for 5-6 hours. 

Slight amalgamation and a 
gas evolved. 

do. 

Aluminium. 

Iron (reduced 
from sesqui- 
oxide by hy- 
drogen). 

i 

Aluminium triethyl. 

Metallic mercury, no trace of 
organic compound. 

Cahours, Annalen, 1860, 1x4. 
242; Buckton and Odlingr;, 
Annalen Sup pi., 1866, 109-1 I 3 ; 
Proe. Roy. Nor., 1865, 14, 1 <). 

Frankland and Duppa, lac , clt . 

Bismuth. 

Heat at 120- 
140° a 

Bismuth triethyl. 

do. 

Silver, gold, zir- 
conium. 

Heat at 150° C. 

No organic compounds. 

do. 

Tellurium. 

— — 

Tellurium diethyl. 

Zeiser, Ber. t 1895, 28, 1670 




T w , ;T Pyl ’ Ug(b 3 H 7 ) 2 , may be obtained : 

cent, sodium am^ga^in^r^ence^f^^am tre f ated ' vith 0 2 l^r 
The resulting paste when treated with Ail + b , n?S . of ™ ethyl acetate. 

s, TB?;t d i£S , a “' is 

C I.!orid/or brSS" Li ST P '°>’? 1 l ™ ld ' “<i mote, .tic 

small portions to the StoJtoL “ e f unc bromi ^ are added in 
bromide and 4-3 (Trams of’maaneci 23 S rams of n-propyl 

mercuric bromide Etc ^ solution Tl th 10 ° ^ ° f ether ' All the 
violent boiling, the mixture after bnilmo be Jf aetlon accompanied by 

Russ - p *y»- ChL n fhc., lm,i3Z5Z 5 -’ Chem eS z r 't 1873 ’ P ' S17; Soh -tsehcrbakow 

1881 ’ 620; ^ ** 

W - 3 ’ 12 3 , 1168 . ’ • ^ 0hem - 8oc -’ 1922 , 44 , 153 ; Goddard, Trans. Chem. Sac., 
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Mercury di-n-propyl is a liquid having a faint odour which becomes 
very penetrating when heated, B.pt. 189° to 191° C., 75° to 77° C. at 25 mm. 
It is insoluble in water, more readily in alcohol, and very soluble in ether. 
At 16° C. its density is 2-124, and at 0° C. 2-046. 1 

1. When the compound is distilled it undergoes partial decom- 
position and mercury separates out. 2 

2. It reacts with iodine very vigorously, forming propyl iodide and 
propyl mercuric iodide, but with 2 mols. of iodine, propyl iodide and 
mercuric iodide, whilst bromine water yields brilliant lamina; of propyl 
mercuric bromide. 3 

8. When boiled with acids, propane is evolved and propyl mercuric 
salts formed. 3 

4. With tin tripropyl iodide it yields tin tetrapropyl. 3 

5. Zinc decomposes mercury dipropyl at 100° to 120° C. with the 
formation of zinc dipropyl ; aluminium at 130° C. yields alu minium 
tripropyl, and beryllium gives beryllium dipropyl. 

6. When treated with thallic chloride, propyl mercuric chloride, 
tliallous chloride, and thallium dipropyl chloride are obtained. 4 

Mercury di-isopropyl, B.pt. 119° to 121° C. at 125 mm. ; 5 n D 
1-582. 

Mercury di-n-butyl, B.pt. 120° to 123° at 23 mm. Yield 47 per 
cent. 

Mercury di -isobutyl may be prepared as follows : — 

Fifty grams of isobutyl iodide and 10 grams of ethyl acetate are 
shaken with a considerable excess of 0-25 per cent, sodium amalgam 
After completion of the reaction the whole is treated with water and 
ether, the ether layer extracting the mercury dialkyl and di-isobutyl, the 
latter being removed by distillation in steam. Again take up in ether, 
and dry the ethereal solution over calcium and fractionally distil, when 
mercury di-isobutyl distils at 140° C. at 70 nun. 6 Mercury di-isobutyl 
is a liquid having a feeble odour when cold, but becoming penetrating 
when hot. It is volatile in steam and boils at 205° to 207° C. ; density 
at 15° C., 1-835 ; at 16° C., 1719 ; at 0° C., 1-747. 7 When treated with 
halogens it yields isobutyl halides and isobutyl mercuric halides. By 
heating at 150° C. with metallic zinc for thirty-six hours, and fraction- 
ating the resulting product in hydrogen, zinc cli-isobutyl is obtained, 
whilst aluminium at 120° to 125° C. reacts rapidly with the mercury 
compound to yield aluminium tri-isobutyl. 

Mercury di- sec -butyl is obtained as follows : — 

1. This compound is obtained in good yield when methyl ethyl 
ketone is electrolysed, using a mercury cathode. The best yields are 
produced at temperatures between 45° and 50° C., using a current of 
25 amperes per square decimetre and a voltage of 7-6 to 8-4. The 
cathode, liquid consists of the ketone with about thirteen times its 
weight of 30 per cent, sulphuric acid, the anode liquid being 20 per cent. 

1 Cahoura, Compt. rend., 1873, 76 , 749. 

2 Schtscherbakow, be. cit. 

3 Cahours, be. cit . 

4 Goddard, be. cit. 

5 Marvel and Gould, loc. cit. ; see Tafcl, Ber., 1906, 39 , 3626. 

(i Marquardt, Ber., 1888, 21 , 2035 ; Cahours, Compt. rend., 1873, 77 , 1405 ; J. prakt. 
Chem., 1873, [ 2 ], 8 , 397 ; Chapman and Smith, Trans. Chem. Boc., 1869, 22 , 163 ; Ponzio, 
Gazzetla , 1900, 30 , (ii.), 24 ; Ssokolow, J. Buss. Phys. Chem. Boc., 1887, 19 , 202. 

7 See Louise and Roux, Compt. rend., 1888, 107 , 601. 
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sulphuric acid. In two hours the amount of crude mercury dialkyl is 
1*3 times the weight of ketone used, and the product is then distilled ; n 
a high vacuum to purify it. 1 

2. The solution from 12 grams of magnesium, 75 grams of 

\'l Kr’rvrvii An In Kf\f\ « « ^,4-1 *_ x _ii • i i ,. <»• n 


l — —urn gictuib ui magnesium, yd grams or sec*- 

butyl bromide in 500 c.c. ether, . is treated with 45 grams of mercuric 
chloride, and the mixture then boiled for eight hours on the water-bath 
and decomposed in the usual way. Yield 66 per cent. 2 

Mercury di-sec-butyl is a colourless oil, B.pt. 46° C. at 0-3 rm-n 
41 t°J)3' C. at 15 mm., 93° to 96° C. at 18 mm. ; density 1-763 at 20° C - 
n l* 1 at 20 ~ It cannot be distilled under ordinary pressing 
vi bout decomposition, and when its ether solution is treated witl-i 
iodine, sec-butyl iodide and sec-butyl mercuric iodide are formed. 

,, :, er TJ d “" te g' butyl is P re pared in the manner described 
t v , A . considerable amount of tert-butvl mercuric bromide is nm 

9 pef cenT U B (Pat ° f ^ diaIkyl is °*Iy 

. j . tnr ’’ ls 'P t ' t to 82 C. at 5 mm., and even at tins low pressurt 
t \ ge a ™? u . nt °I the substance is decomposed, even the final nm 
containing some hydrocarbon. Density 1-749 at 20° C. X1 ~ > 

^Xr^etoC^todide by 

’S 5B5 

is 1 *6063. 3 1 U mm * ls 172 an d the density at 0° C. 

readily soluble in°ether. 1S sb ? bb ! y iu alcohol, but 

into chlorine it forms isoamyl mercuric chloride “fr but , wh . cn flopped 
iodine it reacts with a hissimr srmnT o , In contact with solid 

still more violent. An ethereal solotin, / 10 reactl0 “ wit h bromine is 
lirst with alcoholic and then with snl,vi ?** aetcx }Ty di-isoaniyi treated 
iodide and isoamvl iodide Treatment lod x, le glves is oamyl mercuric 

" ith sodium, sodium isoamvl “ , , ae - 

a stream of carbon dioxide isobutv/' b m 111 ethercaI solution in 
isoamyl heated with Mercury di- 

yit-lds zme di-isoamyl. 5 The merenrJ » * thirty-six hours at 130° C. 
heated for sixteen hours at 200° C riveTim™? and glacial acetic acid 
and amyl acetate. 6 Treatment with ./ s °P entaae =. metallic mercury, 

MeTcur'v thaIlous deride/ ° ° ndc gives “oamyl 

mercury di-tert-amvl r rv +b , . 

,l « — **• .TS vy 1 uct 

‘ Tafd, Btr., 1906, 39 , 3626. ' ' lqUld b ° lls at 8 ° ' ° 

' t-fw^andDu^; fe £ ^ 1923 ’ «• 82 0. 

2 im ’ l6> 415; ^ 104 , 

• asrB*: BE 17 29 . ^ z 

! Uoddard, Tram. oL tl Zc„ 2g£ *£ 1168 8 ’ 4 °^ 7 ' ’ ^ 130 ’ 
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to 84° C. at 5 mm., and even under these conditions shows considerable 
decomposition. Density 1-649 at 20° C. ; n D 1-492 at 20° C 1 2 3 4 

Mercury di-n-heptyl 2 is prepared in 90 per cent, yield by the 
Cngnard reaction It distils at 119° to 122° C. ; density 1-474 at 0° C ; 
iij 3 l *4yo5 at Jsj. t. ’ 

Mercury di-n-octyl.a-Octyl iodide is treated with dilute sodium 
amalgam m the presence of ethyl acetate, and after completion of the 
reaction the mass is extracted with ether. Evaporation of the solvent 

T eS + a onn°o ^ “T i 1-342 at 17 ° C - whic ^ decomposes at 

about 200 C. into di-octyl and metallic mercury. When the starting 

materials are pure it is stated that no by-products occur. Mercury 
di-n-octyl is insoluble in water but readily soluble in alcohol, ether, or 
benzene. Treatment with alcoholic iodine or mercuric chloride yields 
the corresponding di-n-octyl mercuric halides J 

Mercury di-sec-octyl .*-To the solution from 8 grams of 
magnesium and 70 grams of sec-octyl bromide (2-bromo-octane) in 
500 c.c. of ether, 21 grams of mercuric chloride are added, and after 
boiling for six hours the product is worked up in the usual way. It is 
round to be impossible to distil the compound under 3 mm. pressure 
owing to its ease of decomposition with the formation of mercury 

shafts c boi, ‘ 48 grams < 52 pet 


Alkyl Compounds of tiie Type RHgX. 

The following salts of the methyl series have been prepared • 

Methyl mercuric hydroxide has recently been obtained in the free 
state, and its solution may be obtained by boiling mercury dimethyl with 
concentrated potassium permanganate and filtering off the manganese 
dioxide, the nitrate being strongly basic and yielding salts with acids. 5 
A similar solution is also obtained when methyl mercuric iodide is 
treated with water and silver oxide. 6 If the silver oxide be replaced by 
potassium hydroxide, Frankland states that the oxide is obtained which 
is soluble in excess of the reagent. The solid hydroxide is formed when 
moist silver oxide reacts with methyl mercuric iodide in methyl alcohol. 
It melts at 95° C., is a weak base, acid to phenolphthalein but alkaline to 
litmus. 7 

The chloride, M.pt. 170° C., forms pearly plates, density 4-063, 8 
which are volatile in steam. It has been prepared in several ways : 

1. By the action of concentrated hydrochloric acid or phosphorus 
trichloride on mercury dimethyl. 9 

2. By the addition of hydrochloric acid to the solution of methyl 
mercuric hydroxide described above. 

3. From the compound of stannous chloride and mercury di- 
methyl by treatment with water. 9 

1 Marvel and Calvery, J. Amer. Ghem. Soc ., 1923, 45 , 822. 

2 Hager and Marvel, J. Amer. Ghem. Soc., 1926, 48 , 2696. 

3 Eichler, Ber., 1879, 12 , 1879. 

4 Marvel and Calvery, loo. cit. 

5 Seidel, J. pralct. Ghem., 1884, [ 2 ], 29 , 134. 

6 Frankland, Annalen, 1853, 85 , 361. 

7 Sneed and Maynard, J. Amer. Ghem. Soc., 1922, 44 , 2942. 

8 Schroeder, Ber., 1879, 12 , 5 *> 3 . 

9 Buckton, Annalen, 1858, 108 , 103; Jahresber., 1858, p. 388. 
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4. 25 grams of mercuric chloride are dissolved in 10 per cent, 
hydrochloric acid and shaken with 15 grams of aluminium carbide, when 
heat is evolved and the methyl mercuric chloride is distilled out in 
steam. 1 (Yield 30 per cent.) 

Crymble 2 has shown that compounds of the base MeHg- arranged 
in order of increasing absorptive power are as follows : MellgOH, 
Cl, — Br, —I, the absorption of the alkyl haloid always being less than 
that of the corresponding dihaloid compound. 3 The conductivity of the 
chloride in liquid ammonia has been investigated by Franklin, 4 and 
the molecular weight determined in methyl or ethyl sulphide solution 
has been shown to be normal. 5 

The bromide was used by Crymble in his investigations on absorption 
spectra, and the melting-point was stated to be 160° C. It can be 
prepared in the same way as the chloride. 

The iodide was discovered in 1852 by Frankland, 6 who showed that 
methyl iodide and metallic mercury when exposed to sunlight or diffused 
daylight combine to form mercury methyl iodide. Other methods of 
preparation are: 

1. Treatment of mercury dimethyl with iodine or mercuric iodide. 7 

2. By treating the chloride in aqueous solution with potassium 
iodide. 8 

3. From magnesium methyl iodide by treatment with an excess of 
mercuric chloride. Yield 85 to 88 per cent. 9 

4. Dimercurimethylene iodide is treated with aqueous potassium 
iodide or dilute hydrochloric acid. 10 

The compound crystallises in pearly plates, M.pt. 143° C., insoluble 
in water, fairly soluble in alcohol, easily ‘in methyl iodide and ether. It 
sublimes without decomposition and yields the oxide with alkalies or 
ammonium hydroxide, whilst ammonium sulphide precipitates the 
sulphide in faint yellowish flocks. 11 Distillation with potassium cyanide, 
potassium hydroxide, or metallic potassium gives mercury dimethyl. 
Its molecular weight in methyl or ethyl sulphide is normal. 12 

The bicarbonate is formed by passing carbon dioxide through a 
methyl alcoholic solution of the hydroxide. It is a granular powder, 
M.pt. 123° C. When dissolved in carbon disulphide it yields the 
mercaptan, silvery plates, M.pt. 143° C., MeHgSH. 13 

The nitrate forms colourless plates, M.pt. 100° C., and may be pre- 
pared from the iodide by treatment with silver nitrate. 14 It is very 
soluble in water, less soluble in alcohol. 

The sulphate is a crystalline compound obtained by the action of 
concentrated sulphuric acid on mercury dimethyl. 15 

1 Hilpert and Ditmar, Ber., 1913, 46, 3738. 

2 Crymble, Trans. Ohem. Soc., 1914, 105, 658. 

3 Of. Ley and Fischer, Zeitsch. anorg. Ohem., 1913, 82, 338. 

4 Franklin, Zeitsch. physical Ohem., 1909, 69, 299. 

5 Werner, Zeitsch. anorg. Ohem., 1897, 15, 37. 

3 Frankland, Annalen, 1853, 85, 363 ,* Jahresber., 1852, p. 574 

’ Fuckton, Annalen, 1858, 108, 103 ; Jahresber., 1858, p 388 

8 Hilpert and Ditmar, be. cit. 

9 Marvel and Gould, J. Amer. Ohem. Soc., 1922, 44, 153 

“ Ghem ' S ° C -’ 1881> 39 ’ 485 ‘ ’ 11 Oakland, he. cit. 

13 Koten and Adams, J. Amer. Ohem. ,Soc., 1924, 46, 2768 

14 Strecker, Annalen , 1854, 92, 79. 

15 Buckton, loc. cit. 
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Acetate . — This compound was first obtained by heating mercury 
dimethyl and glacial acetic acid in a sealed tube for one hour, then 
recrystallising the product from glacial acetic acid. 1 The melting- 
point given was 142° to 143° C., but recently Sneed and Maynard 2 have 
shown this to be inaccurate, and obtained the product by the following 
methods, each giving a substance M.pt. 128° C. : (1) Treatment of 
mercury dimethyl in methyl alcohol solution with mercuric acetate. 
(2) Neutralisation of the hydroxide with glacial acetic acid. (3) 
Action of silver acetate on the iodide. (4) Action of ethyl acetate on 
the hydroxide. The acetate is very soluble in water, alcohol, or acetic 
acid, is volatile in steam, and with concentrated hydrochloric acid or 
iodine yields the corresponding halides. 

Sulphide . — This substance may be obtained from the iodide as stated 
above or by the action of hydrogen sulphide on a solution of the chloride. 3 
It is a white body of characteristic smell, and when warmed it decom- 
poses, forming mercury dimethyl and splitting off mercuric sulphide. 

Ethyl Series. — Hydroxide . — A solution of this compound may be 
prepared by boiling mercury diethyl with potassium permanganate 
solution, see methyl mercuric hydroxide. 4 Dunhaupt 5 obtained the 
hydroxide as a colourless oil by boiling ethyl mercuric chloride in spirit 
with silver oxide, filtering off the silver chloride, then distilling off the 
spirit and drying the product in vacuo over sulphuric acid. It is easily 
soluble in water or spirit and has all the properties of a strong base. 
With ammonium chloride it liberates ammonia and forms the chloride 
of the base, and with solutions of salts of copper, aluminium, iron, tin, 
gold, or platinum it precipitates hydroxides. With metallic zinc it forms 
zinc amalgam and zinc diethyl, whilst hydrogen sulphide gives a white 
precipitate which soon turns yellow and finally black. When treated 
with acids the hydroxide yields salts in the usual way ; with alkaline 
stannous chloride solution it is reduced to mercury diethyl and mercury, 0 

The chloride may be obtained: (1) From the hydroxide by hydro- 
chloric acid or ammonium chloride. (2) By mixing a warm alcoholic 
solution containing one molecular proportion of mercuric chloride with 
mercury diethyl. 7 (3) By the action of concentrated hydrochloric 
acid or antimony trichloride on mercury diethyl. 8 (4) From mercury 
diethyl and phenyl iododichloride. 9 

The chloride crystallises in silver glistening plates, M.pt. 190° to 
193° C., density 3*482, which sublime on gentle warming and are easily 
soluble in boiling alcohol, with difficulty in ether, and insoluble in water. 10 

Bromide. — This compound has similar properties to the above 
eliloride, and may be prepared from the hydroxide by the addition of 
hydrobromic acid, by treating an alcoholic solution of mercuric bromide 
with triethyl bismuthine or by heating mercury diethyl and ethyl 

1 Otto, Amialen, 1870, 154 , 198. 

2 Sneed and Maynard, J. Amer. Chem. 80 c., 1922, 44 , 2942. 

3 Hilpert and Ditmar, Ber., 1913, 4 6 , 3738. 

4 Seidel, J. prakt. Chem., 1884, [ 2 ], 29 , 134. 

5 Dvinhaupt, J. prakt. Cham., 1854, [ 1 ], 61 , 399 ; Annalen , 1854, 92 , 379. 

G Dimroth, Chem. Zentr ,, 1901, i. 451 ; Ber., 1902, 35 , 2853. 

7 Erankland, Amialen , 1859, in, 60 ; Jahresber., 1859, p. 413. 

8 Buckton, Annalen, 1859, 109 , 220 ; Jahresber 1858, p. 390 ; Tram. Chem. 80 c., 
1863, 16 , 22 ; Jahresber ., 1863, p. 470. 

9 Willgerodt, Ber., 1898, 31 , 921. 

10 Diinhaupt, J. prakt. Chem., 1854, [ 1 ], 61 , 399; Annalen , 1854, 92 , 379: Schroder, 
Ber., 1879, 12 , 563. 
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monobromoacetate at 150° C. for eight hours. The reaction in the latter 
case takes place according to the equation : 

CH 2 Br.COOC 2 H 5 + (C 2 H 5 ) 2 Hg — C 2 H 5 HgBr-f CH 3 COOC 2 H 5 +CII 4 1 


The bromide crystallises in pearly plates, M.pt. 193-5° C. 2 

Iodide . — Combination takes place between ethyl iodide and metallic 
mercury when exposed to diffused daylight, with formation of ethyl 
mercuric iodide. 3 This may also be obtained by the addition of an 
alcoholic solution of iodine to ethyl mercuric hydroxide, 4 or from 
mercury diethyl by boiling for one or two days with allyl iodide. 
Another preparation from mercury diethyl is to heat for several days 
at 120° C. with iodoform, when the iodide, ethyl iodide, ethylene, and 
acetylene are formed. 5 

The iodide, M.pt. 182° C., crystallises from ether-alcohol solution in 
colourless plates which have a very pungent odour. It sublimes with- 
out decomposition at 100° C., is soluble with difficulty in water, and 
is decomposed by light. 

Sulphide . — When ammonium sulphide is added to an alcoholic 
solution of ethyl mercuric chloride, a yellow precipitate is thrown down 
which is soluble in excess of the reagent. It may be recrystallised from 
ether, but evaporation of the alcoholic solution soon leads to decom- 
position of the compound. 

Mercaptan , Et.HgSH. — By dissolving the bicarbonate in carbon 
disulphide, silvery plates, M.pt. 104° C., 6 of the mercaptan are obtained. 

The sulphate crystallises in glistening plates, when silver sulphate 
is added to ethyl mercuric chloride in alcohol. It is also formed when 
concentrated sulphuric acid reacts with mercury diethyl. 7 

The nitrate was only obtained by Dunhaupt as an oil, but Strecker 
succeeded in isolating it in prisms which were very soluble in alcohol, 
but less soluble in water. 

The acetate , M.pt. 178° C., has similar properties to the correspond- 
ing methyl compound and may be prepared in similar manner. 8 

The 2.4. 6-trinitrobenzoate is formed by treating the substituted 
benzoic acid in alcohol with a similar solution of ethyl mercuric hydroxide. 
It forms white plates, M.pt. 164° C. When heated at 165° C. it yields 
ethylmercuric 2.4.6-trinitrophenyl, yellow needles, M.pt. 86° C. 9 Dim- 
haupt, by treatment of ethyl mercuric chloride with silver phosphate, 
isolated the phosphate as a crystalline mass very soluble in water, also 
he mentions a cyanide which is crystalline, very volatile, and of repulsive 
odour. 

The thiocyanate is formed from the chloride by the action of sodium 
thiocyanate (1 mol.) in acetone solution. It crystallises from benzene 
in glistening plates, M.pt. 131° to 131-5° C. 10 


1 Dunhaupt, J. prakt. Chem., 1854, [1], 6i, 399 ; Annalen, 1854, 92, 379; Sell and 
Lippmann, J.jpraJct. Chem ., 1866, [1], 99, 431; Buckton, Annalen, 1859, 112, 221 

Marvel, Gauerke, and Hill, J. Amer. Chem. Soc., 1925, 47, 3009 

3 Erankland, Annalen, 1859, in, 59 ; Strecker, Annalen, 1854, 92, 76 

4 Diinhaupt, be. cit. 

6 Suida, Monatsh., 1880, i. 715 ; Jahresber., 1881, p. 940. 

6 Koten and Adams, J. Amer. Chem. Soc ., 1924, 46, 2768 

? Buckton, Annalen, 1858, 109, 220 ; 1859, 112, 221 ; Jahresber., 1858, p. 390 ; 1859, 
P* ^tiem., 1860, 1, 79; Schorlemmer, Annalen, 1864, 132, 234 

8 Otto, Annalen, 1870, 154, 198. ’ 3 * 

9 Koten and Adams, loc. cit. 


xo Steinkopf, Annalen, 1921, 424, 59. 
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n-Propyl Series. 1 — n-Propyl mercuric hydroxide is difficult to obtain 
in a crystalline condition ; it' is a strong base, forming salts with strong 
and weak acids. ° 

The chloride may be formed from the base, by boiling mercury 
dipropyl with hydrochloric acid or by the addition of mercuric chloride 
to mercury dipropyl in alcoholic solution. It crystallises in white 
scales, M.pt. 143° C. 

When bromine or bromine water is added to mercury dipropyl, or 
the base is treated with hydrobromic acid, propyl mercuric bromide is 
obtained in leaflets, M.pt. 138° C. The compound is also formed as a 
by-product in the preparation of mercury dipropyl from propyl 
magnesium bromide and mercuric bromide. 2 

Iodine combines vigorously with mercury dipropyl to form the 
iodide, M.pt. 113° C. ; this crystallises from alcohol in plates which have 
a disagreeable odour. 

The acetate from mercury dipropyl and acetic anhydride, or acetic 
acid and the corresponding hydroxide, is crystalline, M.pt. 57° to 58° C. 

Isopropyl Series . 3 — iso-propyl mercuric hydroxide is formed by 
treating the halides with moist silver oxide, and lias only been obtained 
in solution. It reacts with acids, giving rise to the following compounds : 
chloride, needles, M.pt. 97° €. ; bromide, needles, M.pt. 98° C. • iodide, 
plates, M.pt. 125° C. ; acetate, M.pt. 95° C. ; cyanide, M.pt. ’s5° C • 
sulphide, M.pt. 60° C. 1 

n- Butyl Series. — When n-butyl magnesium bromide is treated with 
an excess of mercuric chloride, a mixture of equal parts of n-butyl mercuric 
chloride and bromide are formed . 4 The chloride melts at 127-5° C. • the 
bromide at 129° C. ; the iodide at 1 17° C. 5 

iso -Butyl Series. — Solutions of isobutyl mercuric hydroxide may be 
obtained in the usual way, and salts prepared by the addition of acids. 
Mercury di-isobutyl reacts with iodine, giving a crystalline isobutyl 
mercuric iodide The bromide melts at 55-5“ C. and the iodide at 72° C. 7 

sec-Butyl Series.— When mercury di-sec-butyl is dissolved in 
alcohol and treated with aqueous hydrochloric acid the sec-butyl mercuric 
chloride separates out as an oil. This may be solidified by cooling in a 
freezing mixture. The crystals obtained melt at 30-5° C. 8 

The bromide is prepared as above using hydrobromic- acid, and melts 
at 39° C. The iodide forms colourless, unstable crystals when the 
dialkyl is treated with iodine. 8 * 

tert-Butyl Series. — tcrt-Butyl mercuric bromide. — An excess of 
mercuric bromide is added to well-cooled Grignard reagent from tert- 
butyl bromide and after an hour the whole decomposed with water, the 
ether layer removed and dried over calcium chloride. Spontaneous 
evaporation of the ether gives a product, M.pt. 106° C. (decomp.). It is 
rapidly decomposed in bright sunlight. 10 


/ Cahoura Com.pt. rend., 1873, 76 , 135, 749, 750; Jahmiber., 1873, p. 517; GorofcJJufl. 
Ua. Pharmacol., 1922, 29 , 297 ; Chan. Zentr., 1922, iii. 1371. 
a Goddard, Trans. Uhc.m. Soc., 1923, 123 , 1108. 

3 Goret, be. cit. 

4 Marvel and Gould, J. Amor, Chem. Soc,, 1922, 44 , 153. 

6 Marvel, Gauerkc, and Hill, loo. cit. 

6 Cali ours, CompL rend., 1873, 76 , 1403. 

7 Marvel, Gauerko, and Hill, loo. cit. 

8 Marvel and Calvery, J. Amer. Chem , Soc., 1923, 45 , 821. 

0 Tafel, Her., 1906, 39 , 3631. 10 Marvel and Calvery, be. cit. 
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n-Amyl Series. — n-Amyl mercuric bromide , obtained in the usual 
way, melts at 122° C. 1 

iso -Amyl Series. — Isoamyl mercuric chloride 2 is formed when 
mercury di-isoamyl is treated with chlorine gas or alcoholic mercuric 
chloride. It melts at 86° C., sublimes without decomposition, and is 
very soluble in ether or hot alcohol, insoluble in water. From alcohol it 
crystallises in hair-like needles. The bromide melts at 80° C. When an 
ethereal solution of mercury di-isoamyl is treated first with alcoholic 
iodine, . then . with solid iodine, it yields isoamyl iodide and isoamyl 
mercuric iodide . The latter recrystallises from hot alcohol in small 
pearly plates, M.pt. 122° C., very soluble in ether, slightly soluble in 
boiling water, insoluble in cold water, and partially decomposed by 
alcoholic potassium hydroxide. In the molten state it turns yellow at 
140 C.,. owing to the separation of mercuric iodide. It may be sub- 
limed without decomposition in a current of air. 3 

tert-Amyl Series. — tert-Amyl mercuric bromide is prepared in the 
same manner as the tert-butyl compound. It crystallises from alcohol 
it the solution is kept below 50° C., M.pt. 82° C. 4 

Hexyl and Heptyl Series. — n-Hexyl and n-heptyl mercuric bromides 
melt at 118-5° C. and 114-5° C. respectively. 5 

n- Octyl Series. 6 — The hydroxide is formed when an alcoholic 
solution of the chloride is boiled for five hours with freshly precipitated 
silver oxide. It crystallises in shining yellow plates, M.pt. 75° C., 
rea i y soluble in cold alcohol, less soluble in hot alcohol, insoluble in 
co ,. ^f a ^ er * compound is a strong base and precipitates metallic 
salts Irom solutions of ferric chloride, potassium alum, zinc sulphate, or 
copper acetate. In the latter case the grey precipitate on warming is 
i educed to metallic copper, whereas with the alum, the precipitate is 
soluble m excess of the precipitant. The base also expels ammonia 
trom its compounds. 

The chloride is obtained as a white precipitate by the interaction of 
mercury di-n-octyl and mercuric chloride ; the iodide by the use of iodine. 

Tte ISS at “ e /c!‘“ i,lg 

sec- Octyl Series . 8 The bromide is obtained from excess of mer- 
urie bromide and the Grignard reagent from sec-octyl bromide It 
forms crystals from alcohol solution, M.pt. 98° C 9 * 

•Allyl mercuric iodide, CH 2 =CH-CH 2 '-HgI.i 9 -Allyl iodide 
containing a trace of dissolved iodine, readily reacts with mercury If 
mercury be aMten with some iodine, then with allyl iodide™." evolu- 

ll -/f S ^ eat takes place and the mass becomes solid. This may be 
avoided to some extent by mixing the allyl iodide with alcohol, hlie 

drt^ C T aUlSeS fr ° m alcoh ° 1 in silvery scales, which turn yellow on 
drying. It commences to volatilise at 100° C. and -melts at 135° C. 

2 M arVe i’ ail< ^ Fill, J. Amer. Chem . Soc., 1925, 47, 3009. 

8 ^ arv 1 e J an 1 d Calvery, J. Amer . Chem. Soc ., 1923, 45, 821 

« Ckem - S0C -’ 1863 ’ l6 ’ 415 ; Annahn ’ lm ’ J 30. 104. 

5 Marvel, Gauerke, and Hill, 'loc. cit. 

* Eichler, Ber., 1879, 12, 1879. 

’ Marvel, Gauerke, and Hill, loo. cit. 

8 Eichler, loc. cit. 

9 Marvel and Gould, J. Amer. Chem. Hoc., 1922, 44, 153. 

* **> •‘“t. 1865, 3, 263; A , mh „, 
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decomposing at higher temperatures with evolution of gas and forma- 
tion of a yellowish-red residue. The iodide is sparingly soluble in cold 
alcohol and insoluble in water. When subjected to dry distillation, 
diallyl, metallic mercury, and mercuric iodide are formed. Hydrogen 
sulphide or iodide decompose it, propylene and mercuric salts being 
obtained. Iodine yields allyl iodide and mercuric iodide. Alcoholic 
suspensions of silver oxide convert the iodide to the hydroxide. 

Propargyl mercuric iodide forms a yellow mass ; it is prepared 
in a similar way to the allyl compound. 1 

Mercury Derivatives of Methylene Iodide.— Wanklyn and Von 
Than 2 showed that neither mercury nor zinc gave organic compounds 
when allowed to react with ethylene iodide. 

Methylene iodide, on the other hand, when left in contact with 
metallic mercury and some mercurous iodide in a sealed tube for four 
or five days, combines with the mercury. 3 4 Two products are produced, 
but no gas is evolved when the tube is opened. The first compound 
crystallises from boiling alcohol in slender, white needles; it is best 
purified by solution in methylene iodide and precipitation with ether, 
and is insoluble in the usual solvents. Salcurai assigned the formula 
I— CH 2 — Hgl to the substance. This monomercuric methylene iodide 
or iodomethyl mercuric iodide when heated with iodine in potassium 
iodide solution yields methylene iodide and mercuric iodide, and similar 
decomposition takes place with chlorine or bromine. 

When one molecule of the compound and one molecule of mercuric 
chloride in alcoholic solution are boiled under reflux for one hour and 
then cooled, crystals are obtained from which the mercuric chloride is re- 
moved by washing with water, and the mercuric iodide by digestion with 
concentrated potassium iodide solution. Traces of soluble iodide are 
then removed by treatment with water, and the dried crystals purified by 
recrystallisation from ether. Monomercuric methylene chloro-iodule, M.pt. 
129° C., is thus obtained in small plates, soluble in ether, chloroform, or 
alcohol, but insoluble in water. 

I — CH 2 -Hgl +HgCl 2 =C1 — CH 2 — ITgl -fHglCl « 

The product formed along with the monomercuric methylene iodide 
was a white body insoluble in all the usual solvents, but yielding iodo- 
form with iodine. Analysis points to mercury iodoform or methine tri- 
mercuric iodide , CH(HgI) s , and the same compound was obtained by 
Hofmann 5 when an ethereal solution of iodoform was allowed to stand 
in contact with mercurous chloride for a long time. 

Dimer curie methylene iodide or methylene di-mercuric iodide, CH 2 (HgI) 2 . 
—This compound is readily formed by the interaction of methylene 
iodide with excess of mercury in the presence of mercuric iodide in 
ether solution, the mixture merely being exposed to sunlight, the re- ' 
action taking several days for completion. The crude product is then 
digested with concentrated potassium iodide solution to remove mer- 
curic iodide, and recrystallised from methylene iodide, the first product 

1 Henry, Ber., 1884, 17 , 1132. 

2 Wanklyn and Von Than, Quart. J. Chem. Soc ., 1859, 12 , 258. 

3 Sakurai, Trans. Chem. Soc., 1880, 37 , 658. 

4 Sakurai, ibid., 1882, 41 , 360. 

5 Hofmann, Ber., 1900, 33 , 1328. 
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being pure dimercuric compound, but subsequent crops of crystals 
contain some mono derivative. 1 

The iodide is a yellow crystalline powder, M.pt. 230° C., with decom- 
position, and is much less soluble than the mono compound in methylene 
iodide, and is insoluble in ordinary solvents. When treated with iodine 
it yields mercuric iodide and methylene iodide ; and with aqueous 
potassium iodide or dilute hydrochloric acid, methyl mercuric iodide is 
formed. 


3 Sakurai, Trans. Ghem. Soc., 1881, 39 , 485. 
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metallic, mercury and trimercuri-acetic acid, which is formed as a by- 
product. 1 Hofmann considered the reaction to take place in four 
stages, according to the following scheme : — 

1. CH 3 .CH 2 .OH +HgO — > CHg.CHO +H 2 0 +Hg 


2. CH 3 .CHO+3HgO- 


o/ Hg \c/ Hg ° H 


+H,0 

HgOH 


/HgOH Hg. , 

3. 0 <( )C/ +HgO — * 0< >c/ +Hg 

Hg/ \CHO \Hg/ \COOH 


/Hg\ /HgOH HOHg v /Hg x 

o< >c< - + \ c <r >o - 

'Hg NcOOH HOOCi- 


0 


-Hg Hg— O 




Hg- — C C Hg + 


HO— Hg H: 


a 


H 


COOH 

I 

COOH 


The oxalic acid shown in equation 4 was not actually isolated, 
however. 

Ethane hexamerearbide is a citron yellow to light grey powder 
becoming dark orange at 200° C. and exploding with great violence at 
230° C. The colour change seems to be associated with the splitting 
off of water from the molecule and the formation of an anhydride 
(C 2 I-Ig 6 0 3 ), which is violently explosive. The mercarbide is a decided 
base, which shows a remarkable stability towards oxidising agents 
(permanganate, chromic acid, hypochlorites, and hypobromitesfand 
even towards aqua regia provided the treatment is not too prolonged. 
It is scarcely attacked by sulphur dioxide, hydroxylamine, or hydrazine 
but with acids it forms salts. 

This resisting capacity distinguishes the compound from all known 
mercury derivatives, and is probably due to the protective action of the 
six mercury atoms, showing that they surround the two carbon atoms. 

/oT C v Sa t ‘ S are obtained from the base, namely : (1) C,Hg 6 0,X 0 , 
(2) U 2 lig fi X ( j. " ' 


Class I. 


Ethane hexamerearbide dichloride, C 2 Hg e 0 2 Cl 2 , is formed when the 
base is treated with cold 10 per cent, hydrochloric acid or'a soluble 
chloride. Similarly, using potassium bromide or iodide, the correspond- 
ing bromide or iodide is obtained. 1 

The perchlorate, C 2 Hg 6 0 2 (C10 4 ) 2 , is a white powder, which on heating 
or rubbing explodes, emitting a green flame. The nitrate forms a 
yellowish-white crystalline mass, insoluble in water and dilute nitric 
acid, decomposing with explosion on heating ; the sulphate is a white 
sandy, fine crystalline powder, insoluble in water ; the picrate explodes 
on heating with the same violence as potassium picrate. 


Class II. 


isti results when the base 
treated with hot hydrochloric acid. It is a white, insoluble substance, 

1 Hofmann, Ser., 1898, 31, 1904 ; 1900, 33, 1328. 
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Mil|,lm|r, is also capable uf yielding mlphidm with {Hitassium puly 

1 Ihtlmmn umi Fh#* 4, far , xm: h ii 4 rn^$, 

vot., : 1 , 4 4 
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sulphide and -with, a methyl alcoholic solution of ammonium poly- 
sulphide, the structures of these compounds being as follows : — 


(Hg =CH — CH 2 .Hg') 2 S and CH 2 CH 2 

Hg-S-icg 


Two further sulphur compounds may be obtained from ethane 
hexamercarbide itself. (1) By shaking the base with a benzene solution 
of sulphur chloride yellow crystals are isolated, which probably have the 
composition : 



The halogen is readily removed by silver nitrate. (2) A methyl alco- 
holic solution of ammonium polysulphide when left in contact with the 
base for several weeks yields a yellow compound, to which the following 
structure has been assigned : — 

0 — Hg Hg— 0 

I I I I 

Hg-C C Hg 

HS— Hg Hg— SH 

Ethane hexamercarbide yields a yellow substance when treated with 
sodium bisulphite, the product turning grey in the light ; but the base 
is easily regenerated by treatment first with hot nitric acid, then with 
sodium hydroxide. 

Although the base does not combine with ammonia, its salts readily 
add on this gas to form stable compounds. 

Hydrazine hydrate only slowly reduces the mercarbide, evolving 
ethane, as follows : — ° 


c 2 Hg 6 0 2 (0H) 2 +3N 2 H 4 =C 2 H 6 +6Hg+3N 2 +4H 2 0 

Hydrogen sulphide splits off a small quantity of mercuric sulphide 
and yields a white sulphide of the mercarbide. 

s \ a T ^ h and cane sugar also yield mercarbides, 1 of composition 
C^HgOoHgo.NO^ and C 3 H 6 O e Hg 4 .NO s respectively. 


Derivatives of Allyl Alcohol . 2 

Allyl alcohol gives rise to two types of mercury compounds : 

1. Propylene glycol mercuric salts, which are considered to be 

hoch] — choh — cH 2 HgOH vn y ' hydrox y mercuri P r °py lene giycoi, 

„ 1t ?- ifI U f dipr l Pyle2ne + °. X V de salts 0r di P r °Py!ene oxide dimercuric 
salts, which have the constitution : 

/O— ch 2V 

XHgCH,— CH/ >CH— CH 2 HgX 

\ch 2 — 0/ 

1 Hofmann, Ber., 1900, 33, 1333. 
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First Type. 

Propylene glycol mercuric bromide, CI^OH-CIIOH-CH.-H^Br 
forms white crystals from benzene-acetone solution which melt C 
to 80 C„ ami dccomposo at 110" C. It j» easily S , e 

acetone, somewhat soluble m water, but readily decomposed by hydro- 
ch one acid. I he method of preparation is as follows : loo ! rai of 
yellow mercuric oxide are dissolved in ‘20 percent, nitric acid and the 
solution treated with ,,„ro, dilute „„tas»i,m, hydwxli^fflS £&& 
the white prcc lpitate ot basic nitrate no longer disannears AIKd 
alcohol is then added drop wise, with continuous stirring and a clear 
solution is obtained ; then more potassium hydroxide is added, wl i ■ 
causes a white precipitate, the latter being dissolved by the addition of 

iisSt* ; ; ,. r t pm r s,;b 

maintained at. 10 C. by cooling; the completion of the reaction is 
indicated by a sudden darkening of the precipitate, a nd the solution tlicn 
has an alkaline reaction Potassium bromide is then added, allowing 
one molecular weight of this salt for every atomic weight of mere -y 
present, and alter standing for twenty-four hours the bromide £ 
precipitated by passing carbon dioxide through the mixture 

1 he corresponding iodide is prepared in a similar manner to the 

nZ,; C "7 from l« „r 

a.l)out. 80 ( . It is more readily decomposed than the bromide and 

sluts™^ ? d °T tw u,| y‘ alcohol and mercuric 

f ^tha he i fo v n° tW ; , 7 hydr< ^ 1 « rou l ,s luw '>«'» «hown by the 
lacfctiial the, iodide, yields a dibenzoyl derivative, Rf.pt. 100° C WIkmi 

the iodide is treated with iodine at 40" C. a liquid ioclohydrine is obtained. 

Second Type , 

vr, f °f kl - (lim rs uric may be prepared as follows : 

7 rt iams ot memme oxide are dissolved in a mixture of jjoo ee of 

Thirty 'ec of ',Sivl . ll ul f 0 : 0 and the solution filtered. 

IV ur t } () . 1 !ir( ‘ tlu ‘“ st,m ‘ d m1<> th< ‘ filtrate, and in two to 

foi i houis the sulphate separates out, is altered, washed with cold 

water, and dried V ielcl 00 grams. It, gives a clear solution in water 
sodium hydroxide, or ammonia, and is best purified by crystallisation 
from boiling water containing a little ally! alcohol, crystals contain “ 

4 mols. ot water of crystallisation being deposited. ^The solution in 
ammonium hydroxide if treated with about three volumes of alcohol 
yields white plates, which are an addition compound of the sulphate 
with ‘2 mols. ol ammonia. This body is completely soluble in water but 
gives ofl ammonia when boiled. The addition product with potassium 
biomide yields the corresponding bromide and free ammonia, 

Jt‘T S1M,11(l " 1!? ^ fe crystallises with one molecule ol 1 water of 
crystallisation as a white crystalline compound. The preparation is 
similar to the sulphate, the sulphuric acid being replaced by 40 per cent 
trie acid, lhe product is soluble in alkali or ammonium hydroxide 

sch timw 0,1 Th“ f P U< U !l y fV V l )rw,i i )itat0 wl«*n added to these 

So n t ;vi, ^ 1U T ,S SO UhOU ° tlu ‘ nilmtc has >»» U( 'i ( l reaction, and 
w] lL potassium bromide precipitates the bromide quantitatively 
When dissolved in 20 per cent, ammonium hydroxide the i. it rate S 
a white crystal me body containing one molecule of ammonia which has 
similar properties to the corresponding sulphate. 

I he acetate forms small stellate crystals when allyl alcohol is added to 
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sulphide and with a methyl alcoholic solution of ammonium poly- 
sulphide, the structures of these compounds being as follows : — 

(Hg =CH — CH 2 .Hg) 2 S and CH 2 CH 2 

Hg-S-Hg 

Two further sulphur compounds may be obtained from ethane 
hexamercarbide itself. (1 ) By shaking the base with a benzene solution 
of sulphur chloride yellow crystals are isolated, which probably have the 
composition : 

CIHgs. /HgCl 

ClHg/^ J^HgCl 

The halogen is readily removed by silver nitrate. (2) A methyl alco- 
holic solution of ammonium poly snip hide when left in contact with the 
base for several weeks yields a yellow compound, to which the following 
structure has been assigned : — 

0 — Hg Hg— 0 

III! 

Hg-C C Hg 

HS— Hg Hg— SH 

Ethane hexamercarbide yields a yellow substance when treated with 
sodium bisulphite, the product turning grey in the light ; but the base 
is easily regenerated by treatment first with hot nitric acid, then with 
sodium hydroxide. 

Although the base does not combine with ammonia, its salts readily 
add on this gas to form stable compounds. 

Hydrazine hydrate only slowly reduces the mercarbide, evolving 
ethane, as follows : — 

C 2 Hg 6 O 2 (0H) 2 +3N 2 H 4 =C 2 H e +6Hg+3N 2 +4H 2 O 

Hydrogen sulphide splits off a small quantity of mercuric sulphide, 
and yields a white sulphide of the mercarbide. 

Potato starch and cane sugar also yield mercarbides, 1 of composition 
C 3 H 6 O 2 Hg 2 .N0 3 and C 3 H 6 0 6 Hg 4 .N0 3 respectively. 


Derivatives of Allyl Alcohol . 2 

Allyl alcohol gives rise to two types of mercury compounds : 

1. Propylene glycol mercuric salts, which are considered to be 
derivatives of the unknown y-hydroxymercuripropylene glycol, 
HOCH 2 — CHOH— CH 2 HgOH. 

2. Mercuridipropylene oxide salts or dipropylene oxide dimercuric 
salts, which have the constitution : 

/O— ch 2V 

XHgCH 2 — CH< >CH— CH 2 HgX 

\ch 2 — <y 

1 Hofmann, Ber ., 1900, 33, 1333. 

2 Sand and Hofmann, Ber., 1900, 33, 1358 ; Hofmann and Sand, Ber., 1900, 33, 2692 ; 
Biilmann, Ber., 1900, 33, 1641 ; 1902, 35, 2586 ; Sand, Ber., 1901, 34, 1393, 2910 ; Stoehr, 
J . praJct . Chem., 1897, [2], 55, 88. 
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First Type. 

Propylene glycol mercuric bromide , CH 2 OH— CHOH— CH 2 — HgBr, 
forms white crystals from benzene-acetone solution, which melt at 84° 
to 86° C., and decompose at 110° C. It is easily soluble in alcohol or 
acetone, somewhat soluble in water, but readily decomposed by hydro- 
chloric acid. The method of preparation is as follows : 100 grams of 
yellow mercuric oxide are dissolved in 20 per cent, nitric acid, and the 
solution treated with pure, dilute potassium hydroxide until on shaking 
the white precipitate of basic nitrate no longer disappears. Allyl 
alcohol is then added drop wise, with continuous stirring, and a clear 
solution is obtained; then more potassium hydroxide is added, which 
causes a white precipitate, the latter being dissolved by the addition of 
more allyl alcohol. This process is repeated, the temperature being 
maintained at 10° C. by cooling; the completion of the reaction is 
indicated by a sudden darkening of the precipitate, and the solution then 
has an alkaline reaction. Potassium bromide is then added, allowing 
one molecular weight of this salt for every atomic weight of mercury 
present, and after standing for twenty-four hours the bromide is 
precipitated by passing carbon dioxide through the mixture. 

The corresponding iodide is prepared in a similar manner to the 
bromide. It may be crystallised from benzene or acetone and melts at 
about 80° C. It is more readily decomposed than the bromide, and 
hydrochloric or acetic acids break it down to allyl alcohol and mercuric 
salts. The presence of the two hydroxyl groups has been shown by the 
fact that the iodide yields a dibenzoyl derivative, M.pt. 100° C. When 
the iodide is treated with iodine at 40° C. a liquid iodohydrine is obtained. 

Second Type. 

Dipropylene oxide dimercuric sulphate may be prepared as follows : 
75 grams of mercuric oxide are dissolved in a mixture of 300 c.c. of 
water and 180 c.c. of dilute sulphuric acid (1:1) and the solution filtered. 
Thirty c.c. of allyl alcohol are then stirred into the filtrate, and in two to 
four hours the sulphate separates out, is filtered, washed with cold 
water, and dried. Yield 60 grams. It gives a clear solution in water, 
sodium hydroxide, or ammonia, and is best purified by crystallisation 
from boiling water containing a little allyl alcohol, crystals containing 
4 mols. of water of crystallisation being deposited. The solution in 
ammonium hydroxide if treated with about three volumes of alcohol 
yields white plates, which are an addition compound of the sulphate 
with 2 mols. of ammonia. This body is completely soluble in water, but 
gives off ammonia when boiled. The addition product with potassium 
bromide yields the corresponding bromide and free ammonia. 

The corresponding nitrate crystallises with one molecule of water of 
crystallisation as a white crystalline compound. The preparation is 
similar to the sulphate, the sulphuric acid being replaced by 40 per cent, 
nitric acid. The product is soluble in alkali or ammonium hydroxide, 
and ammonium sulphide gives a yellow precipitate when added to these 
solutions. The aqueous solution of the nitrate has an acid reaction, and 
from it potassium bromide precipitates the bromide quantitatively. 
When dissolved in 20 per cent, ammonium hydroxide the nitrate gives 
a white crystalline body containing one molecule of ammonia, which has 
similar properties to the corresponding sulphate. 

The acetate forms small stellate crystals when allyl alcohol is added to 
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a solution of mercuric oxide in dilute acetic acid. The solution in 
water gives precipitates with potassium chloride or bromide, but not 
with ammonia or alkalies. Solutions in the latter yield white pre- 
cipitates with ammonium sulphide. 

A cyanide , sulphide, and a basic carbonate have also been obtained 
from the nitrate as thick white precipitates. 

The chloride is prepared by the action of dilute hydrochloric acid 
upon the nitrate, or by using potassium chloride and carbon dioxide. 
When treated with moist silver oxide it yields an aqueous solution of 
the hydroxide , the latter also being formed when freshly precipitated 
mercuric oxide, allyl alcohol, and water are shaken together. Reduction 
of the chloride by zinc and hydrochloric acid gives an odour of allyl 
alcohol, whilst oxidation with permanganate causes the immediate 
decomposition of the compound with the formation of oxalic acid. 

The bromide is prepared in the same way as the chloride, is insoluble 
in organic solvents, and melts at 251° C. It reacts with alkaline sodium 
stannite solution, yielding a brick-red compound I., which turns brown on 
exposure to light. This decomposition product when extracted with 
hot benzene gives II., the corresponding mercuric compound to I. It 
melts at 190° C., is insoluble in water, alkalies, dilute acids, or acetone, 
readily soluble in benzene or toluene, and is decomposed by concentrated 
hydrochloric acid. With mercuric chloride or picric acid it gives pre- 
cipitates, but remains unchanged when boiled with potassium hydroxide, 
cyanide, or iodide. 


OH* 


-O 


CH, 


-O 


CII — CH 2 — Hg — Hg — CH 2 — CH 

O CH 2 

I. 


CII— CH 2 — Hg— CH 2 — CII 

X o ch 2 

II. 


The iodide is prepared from an alkaline solution of the nitrate by the 
addition of potassium iodide. It may be crystallised from boiling alkali. 
It has M.pt. 271° C., is practically insoluble in organic solvents, and 
remains unchanged when treated with 20 per cent, hydrochloric acid. 
With iodine in potassium iodide it reacts slowly, but iodine in benzene at 
140° C. gives di-^p-iodohydrine, to which Stoehr 1 assigns the structure : 
ICH 2 — CH— CH 2 — O 

0— CII 2 — CII— CII.J 

Hofmann and Sand 2 showed the difference between the two types of 
compounds just discussed by the following comparisons : — 


Reagent. 

Propylene glycol mercuric 
bromide. 

Dipropylene oxide di- 
mercuric bro mide. 

Alcohol, acetone. 
HC1. 

Alkaline KI. 

„ KCN. 

h 2 s. 

C 3 H 7 0 2 — HgBr. 

M.pt. 84-86° C. 

Easily soluble. 

Rapidly decomposed. 
No precipitate, 
do. 
do. 

(C 3 H 5 0 2 — HgBr) 2 . 

M.pt. 251° C. 
Insoluble. 

Unattacked. 

White precipitate, 
do. 
do. 


1 Stoehr, J. yralct. Ghem. f 1897, [2], 55 , 88 . 2 Hofmann and Sand, Bar., 1900, 33 , 2700. 
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Similar properties are shown by the respective iodides, whose melting- 
points are about 80° C. and 271° C. 

Derivatives of Aldehydes. 

Very little satisfactory work has been done on the mercury com- 
pounds of the aliphatic aldehydes. The chief reason for this is the fact 
that mercuric acetate is soon reduced by aliphatic aldehydes, paralde- 
hyde, acetals or aldoses, mercurous acetate separating out. 1 

Leys 2 used a reagent consisting of one gram of mercuric oxide in 
100 c.c. of 5 per cent, sodium sulphite solution as a test for aldehydes 
containing the grouping — CH 2 .CHO. If a few drops of acetaldehyde be 
added to this solution in the cold and an equal volume of dilute sodium 
hydroxide, a heavy white precipitate is obtained, to which Leys assigned 
the formula : 

/ 0 \ 

Hg : CH.CH< >IIg 

V 

The author stated that the only substances which yielded pre- 
cipitates with the reagent were terpenes, and acetone or acetyl acetone 
on warming. 

Hofmann, 3 by the interaction of acetaldehyde, mercuric oxide, and 
aqueous sodium hydroxide, only obtained aldehyde resin, but with par- 
aldehyde a small quantity of a base was produced, C 2 IIg 6 0 4 H 2 , which 
corresponds to ethane hexamercarbide. 

Later, the same investigator, using another mercuric salt, succeeded 
in obtaining a more definite compound. 4 

Chloratodimercuracetaldehyde, 

Hg=C-CHO 
. i 

Hg— C10 3 

forms colourless, lustrous prisms, more explosive than mercury fulmin- 
ate. The compound is readily produced by the addition of an alcoholic 
solution of acetaldehyde to a solution of mercuric oxide in aqueous 
chloric acid. When treated with potassium hydroxide or cyanide, 
aldehyde resin is produced. 

Auld and Hantzsch, 5 from acetaldehyde and mercuric oxide in 
slightly alkaline solution, obtained a base, trimereuridialdehyde hydrox- 
ide, which readily polymerised to a white powder, (C 4 H 8 0 5 Iig 3 ) u; . The 
latter decomposes without melting at about 100° C. and is insoluble in 
the usual organic solvents, decomposed by dilute hydrochloric acid 
with formation of acetaldehyde and mercuric chloride, but not affected 
by dilute acetic acid. The investigators state that’ this is a delicate 
test for the presence of small quantities of acetaldehyde, since it detects 
the presence of one part of aldehyde in 6000 parts of water. 6 

1 Lasserre, J. Pharm . Ghim ., 1905, [vi.], 22, 246; Cham, Zentr., 1905, it 1125. 

2 Leys, J. Pharm. Ghim., 1905, [vi.], 22, 107 ; Bull. Boc. chim ., 1905, [3], 33, 1320. 

3 Hofmann, Bar., 1898, 31, 1904. 

4 Hofmann, ibid., 1905, 38, 1999. 

5 Auld and Hantzsch, Bar., 1905, 38, 2684. 

G For chloratotrimercuracetaldehyde, perchloratomercuraoetaldeliyde, and nitritodi- 
mercuracetaldehyde, see the action of acetylene on mercuric chlorate, perchlorate, and 
nitrate. 
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Derivatives of Ketones. 

It was stated that aliphatic aldehydes or aldoses reduced mercuric 
acetate, but no such reduction is noticed with ketones or ketoses. 1 
Nevertheless most investigators differ as to the products derived from 
ketones, and it is very difficult to say whether many of the compounds 
described are truly organometallic or merely complex addition products 
of the ketones. For the sake of readers interested in these derivatives, 
the following table is inserted to summarise these compounds of doubtful 
structure. The ketone used in these investigations was acetone. 


PRODUCTS DERIVED FROM ACETONE AND 
MERCURIC SALTS. 


Mercury Salt Used. 

Product Isolated. 

References. 

Alkaline mercuric 

acetate. 

Me a C0.2Hg0. 

Lasserre, J. Pharm. Chim , 
1905, [vi.], 22, 246. 

Cone, mercuric sul- 
phate solution. 

3Me 2 C0.5Hg0.5H 2 S0 4 . 

Biilmann, Ber., 1902, 35, 2584. 

Mercuric sulphate. 

Me 2 C0.3Hg0.2HgS0 4 . 

Deniges, Ann. Chim. Phys., 1899, 
[7], 18, 382 ; Bull. Soc. chim., 
1898, [3], 19, 494, 751. 

Mercuric oxide, 

sodium hydroxide. 


Hofmann, Ber., 1898, 31, 1904 ; 
Kutscherow, Ber., 1884, 17, 20. 

Mercuric chloride in 
alkaline solution. 

2Me.,C0.3Hg0. 

Reynolds, Chem. News, 1871, 
23, 217 ; Ber., 1871, 4, 483. 

Mercuric sulphate. 

4Me 2 C0.9Hg0.6HgS0 4 . 
Me 2 C0.3Hg0.2Hg30 4 . % 

Oppenheimer, Ber., 1899, 32, 
986 ; Hofmann, 1898, 31, 399. 

Mercuric chloride, am- 
monium chloride, 
hydroxylammonium 
chloride. 

2Me 2 C0.5HgC1..2NH 4 C1.2 

(NH 2 0H.HC1). 

Grigorowitscli, Chem. Zentr., 
1906, i. 743. 

Mercuric sulphate. 

5Me 3 C0.12Hg0.8HgS0 4 . 

Deniges, Ann. Chim. Phys., 
1907, [8], 12, 401. 

Do. 

Using monocliloroacetone, 
McCOCH.C1.3HgO. 

2HgS0 4 . 

Deniges, Ann. Chim. Phys., 
1899, [7], 18, 382. 


The work now to be described relates to compounds from acetone, 
which are far more definite in constitution, although very complex. 

Interaction of Acetone and Mercuric Cyanide . 2 — To a solution of 11 
grams of mercuric cyanide in 120 c.c. of ethyl or 30 c.c. of methyl alcohol 
is added 1-5 grams of sodium in 40 c.c. of alcohol. After twenty-four 
hours any precipitate is filtered off and 1-25 grams of acetone added to 
the clear solution; a dense white precipitate is formed, which is filtered 
off and washed free from cyanide. This product is decomposed by 
dilute hydrochloric acid, yielding acetone and hydrogen cyanide : 

C 5 H 2 ON 2 Hg 3 + 6HC1 =C 3 H 6 Q + 2HCN+3HgCl 2 

1 Lasserre, J. Pliarm. Chim., 1905, [vi.], 22 246 

‘ * Iars 9 h and Flemin S Struthers, Tram. Oham. Sac., 1905, 87, 1878; Pro c. Chem. Soc., 
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A similar product is formed when acetone and mercuric cyanide react in 
presence of sodium hydroxide, and the reaction may occur according to 
the equation : 

C 3 H 6 0+3Hg(CN) 2 =C 5 H 2 0N 2 Hg 3 +4HCN 


The constitution assigned to the compound is 


Hcr< 


/CH.ITgCN 

CO 


^CH.ITgCN 


Tetra-acetoxymercuri diacetone hydrate. — This substance is 
prepared as follows : 1 25 grams of dry powdered mercuric acetate and 
50 grams of acetone (made from bisulphite compound) are heated under 
pressure at 100° C. for two hours. The solution after cooling and filter- 
ing does not produce a yellow coloration when treated with potassium 
hydroxide. Evaporation on the water-bath gives a yellow oil, which is 
taken up in 95 per cent, alcohol, and after a time white flocks appear. 
These are filtered off, washed with alcohol, and recrystallised from 
alcohol containing a few drops of acetic acid, the resulting product melt- 
ing at 157° C. The course of the reaction is probably as follows, the 
acetone reacting in the enolic form : — 


CH 2 

CH 3 .C-OII 


TIg(OAc ) 2 


H 2 C — HgOCOCH 3 
“| yO.CO.CH 3 
H 3 C.C< 

^ X)Ii 


^0* / 


H 2 C — HgOCOCH 3 2mols . Hg(0Ac)2 


HC 3 -C=0 


/HgOCOCH 3 

H Q/ 

I \llg0c0cll3 

I .OCOCII 3 
H,C-C< 

\OH 


is' 

HgOCOCH 3 


HC/ 

| M-IgOCOCH 3 
I /OH 

h 3 c-c< 


M)H 


/HgOCOCHj CH 3 OCOHg x 
HC< >CH 

H-IgOCOCH 3 CH 3 OCOHg / 


H.C— C 




OH 


HO\ 


O- 


1 Sand and Genssler, Bex., 1903, 36, 3699. 


C-CH, 
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his acetate, treated with 20 per cent, hydrochloric acid and 
S , Sm “, Cyauicle sol uti°n, splits up into acetone and mercury salt ; 
>t potassium hydroxide gives the corresponding tetra-hudroxu- 
J Ivith in°™ d ' a< l ueous soluti °“ of the acetate when icorn- 
?-£ yicl * ‘ white 

HC< Hg > 0/ Hg \ C H 

X Hg/ \ H g/ 

/OH HO\ 

0 


I-I3C— c 


C — CH„ 


Ins oxide is insoluble in water and organic solvents. The acetate 
sodium chloride or oxalates yields the corresponding salts the 
er being a very insoluble compound possessing 110 melting-point 

ri-mercun diacetone hydroxide , 1 n e point. 

HOHg CH Hg— CH— HgOH 

| I 

CH S — C(OI-I)— 0— C(OH)_CH 3 

'he mercuric oxide precipitated from 20 grams of mercuric chloride 

etonSriooto 150 ? m °f St t f ated P with I a soluti on of about 6 c.c. 
S! ] n° I , 15 ° C,C - .? f water = a few drops of baryta added and 
j W , e l shaken until a solution is obtained. The baryta is 
pitated by carbon dioxide, the latter removed by a current of air 
the barium carbonate filtered off. Evaporation" of the filtrate in 
1 ater- bath gives a thick syrup, which forms a clear solution in water 
reacts slightly alkaline. Its electrical conductivity is as SlW- 


p, =0-018, 

p=0-022, 


18° C. 

»ilute hydrochloric acid gives the corresponding dichloride, 

-HgCl 


ClHg — CII- 


-Hg- 


-CH- 


H 3 C— C ( OH ) — 0 — C (OH )— CH 3 

solourless powder, easily soluble in aniline or pyridine with diffieultv 
. 0 I 10 I, and practically insoluble in water. When heated it becomes 
w and melts at about 110° C. ecl lt: becomes 

.torms a platimckloride, an amorphous product exploding suddenly 

he corresponding dibromide forms small white needles M nt 1 27 ° r 
1 are soluble in warm alcohol, ether or nvridin? Tm 7 ;1 - S-^ 7 C ' 5 
' decomposed by acids that it cannot be prepared^! the?fiS ?av 
e foregoing compounds. The base is first Heated with potSsS 

^d^eSs^^^" JK* f te 18 

able in water, more soluble in alcohol or etiier." - C -’ WhlCh arc 
he base forms a jncrate which contains 6 mols of water nf 
allisation, and is somewhat soluble in hot water- nr! ^ / 4 of 

0-042, at a dilution, u, of 1100 at 25° C lts conductivity, 

1 Auld and Hantzsch, Bar., 1905 , 38, 2684 . 
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When the base is exposed to sunlight or treated with acids or alkali 
it is converted to an insoluble polymer. 1 The base or its polymer, when 
boiled with alkali, is decomposed, yielding water, acetone, and acetone 
merearbide, which is identical with Hofmann’s compound, 

cii,— co— c 


llgOII 

Concentrated hydrogen halides or oxyacids also decompose the base, 
immediately, giving acetone and a mercuric salt. Bromine in potassium 
bromide with the base yields mercuric bromide and as-di bromoacetone ; 
whilst hydrogen sulphide precipitates mercuric sulphide from the base. 



Derivative of Methijletkyl Ketone . 

From this ketone, by means of mercuric acetate, Lasserre 2 is stated 
to have obtained a compound of similar constitution to the one he 
isolated from acetone, 

(COMeEt ) g.SllgO 

By using the same methods as for acetone Sand and Ge ussier 3 
isolated a body resembling that from the lower ketone. When this com- 
pound is treated with alcoholic picric acid it yields a pi crate, which 
crystallises from benzene-acetic acid and has had the following oxonium 
constitution assigned to it 


ILC— 0 


4IgO.CO.CH, 


CH a CO.OHg > 


N MlgO.CO.eH 3 CH 3 CO.OIIg / 


C — CII 3 


I /OH 

,c~- c • 




+ iC (i H 3 0,N 2 


c — CII., 


With the above exception, none of the higher ketones yield derivatives 
of definite constitution. 


1 Keo Reynolds, Ohem, Nam, 1871, 23 , 217 ; Her,, 1871, 4 , 483. 
a LaHHom\ J Pharm. Chiitu, 1905, | vl. |, 22 , 240. 

3 {Sand and Gensslcr, Her,, 1903, 36 , 3099. 



CHAPTER V. 

MERCURY ( continued ) . 

Derivatives of Aliphatic Acids — Derivatives of Formic 

Acid. 

The following compounds, although written as derivatives of formic acid 
have never been obtained from the acid or its esters. The formula 

altbnni m T ^ tIl0S , e due to ScboelIer > Schrauth, and Essers,* 

Sg(ORTi ‘ hem t0 bC m0leCUl “ a<Id “ i0 “ 

Acetoxymercuriformic methyl ester, AcOHg.CO„Me.— The pre- 

m?nfo n rthe d nrf ai %^° r 1S ? latmg this impound are the same as those 
fenHn th?i Jtl? 1011 ° f f ' etoxymercuri-ethylmethyl ether, the ethy- 
The vieW is SS Jr PCn f en ^ n0W be ,v g re P Iaeed b Y carbon monoxide. 

needles m A no 0 r i ^ tallls f “ stellate aggregates of fine 
neemes, M.pt. 110 C., easily soluble m alcohols or chloroform snarimdv 

or SeTii^h 5 rT° X m 6 18 s P Ht off when the salt is warmed 

s pii.s™«^ 

acid the chloride is obtained, long needles Mpt 110° r ^Irocldonc 
crystallises in white plates, decomposing af l^V to 128° C oTtf 
iodzde has a sunilar appearance but £ very easily' deeomdosed ’ 

action of 

the absorption taki Thre, ! ^ 1 f° Iutl ° n ° f mercuric chloride, but 
compound sinters at 65° CaJ mete aW C al , Coho 1 L . , The 

acetone, chloroform, or ethyl acetate fi ! , C ' 1 18 eaSl1 ^ solublc 111 

benzene, sparingly in cold water anH in! i J . w ^ ln ) vater > ether, or 
ether. It crystallises in wartv \ic P r!i m ° t? 6 U L lg ^? ln 0r petroleum 
plates, melting at 88° C. with decomposition c ^ lon ^ crystallises in 
similar compounds. A the bromide and iodide are 

white precipitate ^ haS als0 been obtaia ed as a yellowish- 


Derivatives of Acetic Acid. 

holic solution o^ethand A , m « l M alco- 
potassiuni h y «, a *&"*£& 

1 ^loeller, Schrauth, and Essers Ber i Qi q ,< 9Q ™ 

2 Manchot, Ber., 1920, 53, 984. 9 1913 ’ 46 > 2869 * * 
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It crystallises in colourless needles, M.pt. 198° C., not decomposed bv 
hydrochloric acid. With potassium iodide solution a yellow iodide is 
formed. 

Some bromide is formed when ethanol mercuric bromide is oxidised 
by permanganate, but the main product of the reaction is oxalic acid 1 

Anhydride of hydroxymercuri-acetic acid.- -This derivative 

is not obtained by direct mcrcuration of the acid or its derivatives but 
by degradation of malonic acid derivatives. 

(«) Mercury malonic ester (10 grams) is vigorously shaken with 100 c.c. 
(about 1-5 mols.) of normal sodium hydroxide at 37° C. for three hours' 
when a clear solution is obtained, which is allowed to remain at the 
same temperature for a further twelve hours. After filtering and diluting 
with 200 c.c. of water, 110 c.c. of Normal sulphuric acid are addeef 
when white flocks separate, and carbon dioxide is evolved. The reaction 
is then brought to completion by allowing the mixture to remain on the 
water- bath for several hours, after which the precipitate is filtered oft and 
washed free from sulphuric acid by decantation with hot water. The 
product is then dried in vacuo over phosphorus pentoxide, when a* horny 
mass is obtained. Yield 5 to 5-0 grams, which is some 90 per cent of 
the theory. 

) Malonic acid (100 grams) and 120 grams of solid sodium hydrox- 
ide (about ii mols.) are dissolved in 000 to 400 c.c. of water and heated 
to boiling, when ‘200 grams of precipitated mercuric oxide (1 mol ) are 
s owly added during half an hour. The oxide goes into solution and 
the liquid is then diluted to about 1500 c.c. by the addition of 950 mams 
(1-5 mols.) of sulphuric acid (15-9 per cent..). It takes several hours to 
evolve the carbon dioxide completely, after which the product is filtered 
olf and washed free from sulphuric acid, a nearly theoretical yield brine 
obtained. ‘ 

Mono- and trimolecular formulae have been proposed for the com- 
pounds I. and II., whilst Biilmann believes that the preparation (b) yields 
a product to which lie gives formula III. 3 


II I 

Hg — o llg 


i 


-OHg- 

-cir 2 


/IIg.C0 2 


1 

C0 2 .IIg — ( 

/ 

\ 


eii 2 - 

CO TI 

1 IIg~C< 

V.oou 

yCOOII 

-HgO 

CO 2 . llg— ( 

1 / 

J \iig.co 2 

1 

1. 


III. 

1 


.pj v. oecomes Drown, anu at 250 C. 

explodes. It is insoluble in the usual solvents, but soluble in alkalies 
and alkali salts, yielding hydroxymercuri-acetic acid, HOHg.CH s .COOH. 

I lie sodium salt of this acid is obtained by dissol ving the anhydride 
in 1 mol. of sodium hydroxide and evaporating the solution in the absence 
of carbon dioxide. Needles arc deposited, which are fairly soluble in 
water, giving a solution alkaline to litmus, but the salt is insoluble in 


1 Sami and Singer, Annalen, 1903 , 329, 168 . 

3 Schrauth. and Sell oeller, tier., 1908 , 41, 2090 ; Gorman Patents, 208634 , 213371 . 
Biilmann and Witt, Her., 1909 , 42, 1067 . 
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the usual organic solvents. \Viu*t» hval. ,1 «,(), , tI 

uiemiry sulphaU* is precipitated, and vith s,.|uh,. , a ’ ,','j lU 

the dillicultly soluble metallic salts nj ■>! 

copper sulphate yields (HOUo.nU't Ml i 
mercury, and lead salts are white powders. 

Anhydride of hydr(>xyn K >min-diaeefM\v»ueivu. i „ . , . 

•d !io'TT , ;'; wv, ; ,,< ; ;u “ l nv ' 1,l > « | *'-**»* *» «.u„ ; ' 

; J°°. <-•’ «“<■» !*<)!•( inn n|‘ the solulnm 

Z^'!v. ( T tS : Vh, ‘ l, .V V;,U ' ,i "" }l '"•»»».. hnir. 

dun. line o| acetic and is thus obtained a ‘ 
precipitate, having the composition ; 

Ho 

° t'(HgO.\e|. 

CO 

this acetate is iiisuhihle in ur-umie m,i., ,,i > ) 


- le * 

Vi. I, 


i* ilHt ■ lull j;,.., 


I 


bfulhi 


n.f It 


r$.d 


I * 1 ' i .1 I 

i,u f n 


O 


I IjLf 

VU 


v 


it ijOAr 
■ I!l»\< } 


■ 

prepared by decomposing (he tihcHau'u 'it'*"'iV' ’ "" 

“ “".««■■■■ »„ B iy ,4,*^. ,, , ; V "t,"' "* ■ o.i,.., 

'"'"'“h , . ,k 


is , ,, „ v •> oiareiate with ml 

! 1111 exceedingly explosive eomuunnd it 
111 cold 20 percent. hydrochloric acid or j,, , 
and has the constitution. * 1,1 


itasMuoi rui„,|, 


4ot 


U 4,f 


. /Ho, 

20. %(•, 

x Hir 


II- 

to 


O.all ,< J 


"hen Jiented to h;o r n . 

probably a methane derivative, , 'h-mde, 


Ini luiii 


Jli. 

0< 


flu 


TJ u‘s eonipoutid when reduced he „ r 

r ’.““i"'" B-;- ... u, 

Mercuri-hydroxyme r cu r i.iicetic ut-llil'j' S|u "" u,;; 

H« € COOU 

1 

% OH 

«x i c 1 r,' 'a'lH / ! * .r.r i! a -n't 1 j ' V.'/p i- ?. c - 1 tf t when sodu.m a,,t „ 

”* fc *** 

l * XlI >'land Bin*.,, „ K) . ( , ‘ ' " "* 

Hofmann, tier [him, ’ fijo. 

<3, /<}; < /urn, /., nlr., | Mint , i . 
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alkali or acids. If. dissolves, however, in nitric acid, and addition of 
water precipitates the nitrate, 

C(NO s IIg. ) (Tig — )C.COOH] a 

as a yellowish-white crystalline mass, which decomposes on hcatino or 
on treatment with hot dilute hydrochloric acid or potassium cyanide 
Sodium carbonate or 5 per cent, potassium hydroxide converts this 
nitrate to the hydroxide, but. prolonged warming with concentrated 
alkali yields salts. A .potassium hydroxide solution of the nitrate 
on addition oi alcohol gives a precipitate of a, yellow potassium salt 
of the formula, ‘ 

C 2 Hg 2 0 3 HK.C 2 TTg 2 0 3 I I a .2l f 2 0, 

and this is decomposed by dilute hydrochloric acid to the chloride, 

(Clllg)JIC.COOII. 

The nitrate of mcrcuri-hydroxymcrcuri-acctic acid is precipitated from 
alka nic ; solution by dilute nitric acid as a voluminous precipitate, which 
crystallises from 10 per cent, nitric acid in long needles. 

Dihydroxymercuri-iodomercuri-acetic acid, 


IIOHi 


Kr /** 1 


IlOIIg/ \COOH 

Whereas mcrcuri-hydroxymereuri-aectic acid derivatives are formed 
when podium. acetate, mercuric, oxide, and concentrated alkali are heated 
together, the replacement of the oxide, by mercuric iodide leads to the 
production of the sodium salt of the above iodomereuri compound when 
the action is carried out at 105“ C. The derivative crystallises in yellow 
plates which are only decomposed with difficulty by hydrochloric or 

nitric acid on the sodium salt, and it crystallises in greenish-white plates 

nlendv a ht J f r Y decom l )OS . c 5 1 b .V hot dilute hydrochloric acid, and com! 
pletcly by potassium cyanide solution, whilst potassium iodide gives a 

nilr? y a k ^ inc ,l S uld which is yellow. This iodide with dilute silver 
mtiate solution gives the nitrate, (NO»IIg)(ir01Ig)» C COOIf as a 
yellowish-white crystalline powder, which decomposes on heating, mid 
d S eeomnr b -t- in '™ tC ? 3 * ent - nitric add , but soluble with partial 

solutions!* 1 * 1011 1U hydrochlcmc acid ’ Potassium cyanide, or iodide 

holiJ r ^ h uf° m | erCUri ' aCeti f/ aCi f’ (C3Hg),C.COOH, -When an alco- 

holic solution of mercuric chloride is boiled for twenty hours with 

obt Zb 5, n acetate ’ ° r Propionate, the mercarbidefc^Ig.Cl,,, is 

hvdrocd 1 Jorie 8 ???” 1 " 8 ?C ? e f- r i is ? oJuble in hot a »kali, mid dilute 
, _ • *.ud precipitates the above chloride from the solution, 

tri ren r u ii£* which is a mixture of mercury with di- and 

SSSS-Z** ae, . d - lhe ™ercarbide, I„ when warmed with sodium 
lydioxidc or potassium cyanide, is decomposed, mercury separating and 

a ong " dou . r ol . ahlchyde resin being noticed. Heating with mercuric 
base II “ P ° taSS,Um hydrox,de at 105 ° to no ° C. gives the explosive 
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C 1 He \c-c / C1 
ciHfi/ \/\agCi 


Hg 


HOHo. 

0 /hA c __ c 
\Hg X X ir»y '° 


/HgOII 
-Hgx 


L II. 

Halogen substituted acetic acids have not been investigated tn i,v,, 
great extent as to their capacity for forming memury" derivSi 
Hofmann isolated the compound, HgCl.CHCl.COOH KC1 bv iJ i 
sodium monochloroacetate with m^curic oxide and aikrtinnZn 8 
solution. The compound crystallises from alcohol in silky 1 
which are decomposed by dilute hydrochloric acid into mercuric chw; ?' ’ 

hydroxide *?*£& 

Derivatives oe Cyanoacetic Acid . 2 

Hydroxymercuricyanoacetic acid, 

HOOC.CH.CN 


HgOH 

two days, the mercuric m iL /° i ‘ f W 1 ater are shaken together for 
tate is deposited (4 4 SaS s) wlff ^ white ^tallinc precipi- 

Attempts to prepare the same comnoundV^ 6 m a ^ ca ^ cs Arming salts, 
and mercuric acetate failed to »iw tbc r ° m a< l ueous cyanoacetic acid 
of the acid is obtained £ fo j yiiZvhenTnT ""*■ The Sodium *dt 

C> '"The 6 by melCUriC 

”«%1 e °0 

separate as a snow-wS cmtaHine ’ ^ 6 2 grams ° { the 

The “ %i ■» 

cyanoaeetate, Sieve™ Stdiled" 5 ” ° f merc,,tic “tealc with ammonium 

been proposed for the substance •_ T follow »»g formula have 
CN CN CN 

"Hg 


IC.COO — Hg — OOC.CH, 




CN 


CN 


HC. CO- — 0 — CO.CH 


1 Hofmann, Ber isoq 0 ~ A H §°~ 


~Xlof- 

b 


■ 0 % 
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Derivatives of Benzoylacetic Acid . 1 

Anhydro-a-hydroxy-mercuribenzoyl acetic acid, C II, CO 

CH— CO— 0— Hg.— Tliree grams of benzoyl acetic acid in 50 c.c. of 


chloroform are boiled for one minute with an excess of yellow mercuric 
oxide and filtered. The filtrate is evaporated to dryness, the residue 
extracted twice with ether and dried. Yield 1-3 grams. The compound 
is white, decomposes at about 290° C. ; and is readily soluble in hot chloro- 
form or sodium hydroxide, but insoluble in water or ether Dilute 
hydrochloric acid decomposes it, forming mercuric chloride and benzovl 
acetic acid. J 

Mercury-bis-benzoylmethane, (C 6 H B COCH 2 ) 8 Hg.-Five grams 
of yellow mercuric oxide are added to 1-3 grams of benzoyl acetic acid 
in 50 c.c. of 95 per cent, alcohol, the mixture heated to boilino- and 
filtered. The residue is boiled with 20 c.c. of alcohol, filtered and the 
two filtrates combined. Dilution with water and cooling in ice yields 
0-8 gram of a very pale yellow precipitate, M.pt. 159-5° C The com- 
pound is soluble in hot alcohol or acetone, but insoluble in water or ether 
An alcoholic solution of the compound does not give a precipitate of 
mercuric oxide when treated with sodium hydroxide, but ammonium 
sulphide gives an immediate precipitate of mercuric sulphide. With 

mercuric chloride it yields the following compound : 1 

Benzoylmethyl - mercuric chloride.— The above compound in 
hot 95 per cent, alcohol is heated with mercuric chloride until the 
mixture no longer gives a test for mercuric ions when treated with 
sodium hydroxide. The mixture, after dilution and cooling in ice owes 
a precipitate melting at 146° C. This compound is identical withthat 
prepared by the direct mercuration of acetophenone, i.e. phenacvl- 
mercuric chloride, see p. 196. 1 y 


Derivatives of Nitro-acetic Esters . 2 

Ethyl hydroxymercuri-aci-nitro -acetate anhydride. 


/NO, 

°<h> C0AH ‘ 


This compound is formed as a white precipitate from the interaction 
of ammonium aa-mtro-acetate and mercuric chloride in aqueous solution. 
It sublimes when carefully heated, detonates when strongly heated, and 
when lgmtcd bums with a luminous flame. In bases it dissolves readily 
but is almost insoluble m boiling water. Treatment with bromine m 
potassium bromide solution forms ethyl dibromonitro-acetate, and 
10<llde rem ° Ves the mercur y f rom the anhydride as mercuric 

Prager considered the formation of the anhydride to be preceded 
by the formation of ethyl chloromercuri-aci-nitro-acetate, 

l ^karasch .and Staveley, J. Amer, Chem. Soc., 1923, 45, 2966 
AnJifm, 43?^’ ” 19 ° 6 ’ 39 ’ 1956 ; Prager ’ Mmatsh -’ 1912 -33. 1285; Steinkopf, 
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/CO,Et 

CHf-NO; 

\HgCl 

and it is probable that this compound is formed when the anhydride 
dissolves m dilute hydrochloric acid, and the corresponding cyanide 
when potassium cyanide is used as solvent. 1 ' 

formed wliTv aci ~f ir ° compound is a greenish-yellow substance, 
formed when the anhydride is dissolved in sodium hydroxide and the 
solution evaporated with exclusion of atmospheric carbon dioxide. 

Ihe following formula has been assigned to it - 

/C0 2 Et 

C==N0 2 Na 

\HgOH 

iso-Propyl hydroxymercuri-aci-nitro-acetate anhydride, 

y N(X 

C0 2 Pr, S .C< >0 

\Hg/ 

CW , 0ride is added t0 an a queous solution of the 
ammonium salt of isopropyl aci-nitro-acetate in the presence of sodium 
acetate, and th eisobutyl and isoamyl derivatives may be prepared in 

ie same as those ol the above ethyl derivative, save that notassimn 
iodide does not react with their alkaline solutions. 1 ° tasMlim 

Derivatives of substituted Acetic Acids . 1 

Many investigators have attempted to isolate mercurv derivatives 
from aceto-aeetie ester, but the results have been sTvIried Diat no 
reliance can be placed on any of the earlv wnrl- n * , 

Kharasch and Staveley, 2 however, have obtained definite residt s U by 
heating mercury salts of substituted acetic acids J 

and diethvl d o j e-. j • t 


i f V- 7, , * auu&uiucea acetic acids in vacuo p a 

e K diethyl aeeto-aeetie acids when dried and heated’ inXactio 
at 90 G evolve carbon dioxide, and the mercury becomes bound tn7hl 
caibon atoms which were formerly attached to the carboxyl groups 

[CH 3 C0.CEt 2 .CO 2 ] 2 Hg [CH 3 C0.CEt 2 -] 2 Hg+2C0 2 

methyl -m^harfe" a "l ClTcO T m ? tt ^ or ^ Mercury -bis -aceto- di- 
acetate is heated in a vacuum at* 90°*^?' whenTis fomidlo l ^7°' 
molecular equivalents of carbon dioxide ’which is shown h77 °i C tW ° 
weight. The resulting mass is extracted S acettT an fihf 7* “ 
removed in vacuo, the product isolated melting at 120°’c ,7', 

in acetone, alcohol, toluene, or xylene but onlvtLVum i m • soblble 
Mercuric sulphide is split off from it bv thn f + I ? htIy S ° luble ln ether - 

compound soon decomposes with the deposition of mShe metcury. 

Ber., 1900, 33,\oi 0 47 e Bm 1 ^7R7 8 lMV°372i85 H0 ^ a h n ’l‘ B R'’ 1898 ’ 3I ’ 2212 ; Le V, 
“ Kh — » and Staveley, j\ 19 ° 5 ’ 3 *’ 2090 ’ 
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tt ™ cet °'^ met ^" met hyl-me r curic chloride crr.mnw 
, | ' „ 1-8 " rams of the preceding compound in' 15 c e J of alcohol 

1-4 grams of mercuric chloride dissolved in 30 c.c. of 95 per , cent Z l 
are added, and the whole boiled for five minutes ol Ll r ' , 

crystals, M.pt I**, C„ am deposited Yid.U , **** "**> 

acetate* thffon„ri“' ler ' com ” en f i * * "g with mercuric nc-diethylaccto- 

diethSaSt^ 

methyl-mercuric chloride, [CH;!cO?CEtf-]IfgCjSf pt 7 ?°' J iethy1 ' 

iiliipISiSi 

affected by <hrect TuS «hT * mlr de “ mpos . ition at ' oi ° t '-. and are 
vaavTmemeth T C " 

temperatures into^mer^^Hnitm^r^^l^ 1 ] l>y , W ? ter at or ^nary 
glycolhe acids. 7 ’ methyl alcohol, oxalic and 

Derivatives of Propionic Acid. 

Anhydride of a-hydroxymercuripropionic acid, 2 

CH,— CH- — 


Hg — u 

Hydroxymercuri methyl malonic ester, HOI]> CMeffO Md • 
hed with 4 mols. of Normal alkali tvir^ le ' ls sa P°ni- 

acidified by dilute sulphuric acid' Thm lde .f nd ^ le resulting solution 
in water and boiled until the evolution of 18 .^ ashed > suspended 

quantitative yield of ester being obtained T f ° Xlde eeasos > a lleal ')y 
and with halogen acids viVldc Jt decomposes at 150° (!., 

“'Tm bUt dissolTes readily in aS°es*° '* “ ins0, " blc in organic 

d«n4ti;e1“I„, a tarby°Scinc a Btad ^W-CH CO,H),.*-TI,i» 

ethereal solution with 0^5 per cent ^ ° do P ro P lo nic ethyl ester in cold 
shaken with warm Normal Sodium W 3 v 1U \j ama %am. The residue is 
acidified with dilute sulphuric a oid vv , oxlde . solution, then cooled and 
Yield 2 7 p„ „r 

148-5° to 149-5° C. fcorr ) Tt A J -f d / ? hot watcr , and melts at 
acetone or hot ethyl acetate ^nd SS Iu ^ lfi “ warm flcohol, less so in 
soluble in hot concentrated 2l g 7 m . e 1 the , r or chloroform. It is 
crystals of an acid on cooling Heated 10 -^f ld ’ t ^ ie s °hition depositing 
forms the anhydride of ft hf'i ^ eated Y rt h water at 100° C. the acid 
poses at 190° C , and Jil This decom ' 
but soluble in alkalies oJ wS Stf. 0rgaMC S ° lveilts or ™ter. 

l Sohoeller and Schrauth, 38 ’ 411 5 Buchn(:r . Ser., 1895, 28 , 215. 

3 Fischer, Ber., 1907, 40 , 387 4 9 ' 

vol. xi. : i. 
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Derivatives of Malonic Acid and its Esters . 1 

Mercury bis-malonic methyl ester, Hg[CH(COOMe) 2 ] 2 .— Methyl 
malonate (36 grams, 2J mols.), with 25 grams of mercuric oxide (1 mol.) 
and 50 c.c. of water, are shaken on a machine at 37° C., in the absence 
of light. After twelve hours a white body having the above composition 
separates out. It is soluble in cold chloroform and sparingly in alcohol, 
acetone, or ethyl acetate. It sinters at 125° C. and melts at 127° C. 
(corr. ). Saponification with 4 mols. of Normal alkali, and acidification 
with dilute sulphuric acid, gives an almost quantitative yield of the 
anhydride of hydroxymercuri-acetic acid. 

/^n Hydr ° XymerCUri meth V l malonic methyl ester, HOHg.CMe 
(C0 2 Me) 2 . — The preparation is carried out in a similar manner to the 
above, using equal molecules of the ester and mercuric oxide and con- 
tinuing the shaking for several days. It is a white amorphous solid, 
insoluble in the usual solvents. When saponified as above it gives an 
85 per cent, yield of the anhydride of hydroxymercuri -propionic acid. 
In a similar manner the methyl ester of ethylmalonic acid yields 80 per 
cent, of hy droxy mercuributyric acid anhydride. 

From malonic acid itself, Biilmann claims to have obtained several 
very complex derivatives, but their constitution seems doubtful. 2 


Derivatives of Unsaturated Acids . 3 

The acids of this, series can be mereurated, with the exception of 
lumaric and mesaconic acids, which only yield normal mercuric salts. 

Anhydride of a-hydroxymercuri-/3-hydroxypropionic acid, 

CH 2 (OH)— CH— CO 



Five grams of anhydrous acrylic acid are mixed with a solution pre- 
pared from 10 grams of mercuric oxide in 10 c.c. of sulphuric acid and 
40 c.c. of water. Addition of alcohol gives a white, sticky precipitate, 
the latter on treatment with alcohol becoming gritty. It is filtered 
oil, washed, and dried, and is very hygroscopic. The yield from two 
preparations was 8 to 9 grams. Biilmann assigns the following con- 
stitution to this body : — 


SO. 


CH 2 0H.CHHg.C0 2 CH 2 0H.CHHg.C0 2 H 
‘cH 2 0H.CHHg.C0 2 CH 2 0H.CHHg.C0 2 H 


If the substance be boiled with 8 to 10 parts of water, a part of it 
dissolves; the insoluble residue, washed with water and alcohol and 
dried, gives the pure anhydride. 

Patents! 1 20 a 8634 5 213371 2 ’ 3S ’ ^ Sohoeller and Schrauth, ibid., 1908, 4 i, 2089 ; German 

2 See German Patents, 221483, 231092, 248291 

3 Biilmann, Ber., 1902, 35 , 2571. 



MERCURY. 


• It; ha ? als .° been prepared by heating mercurous acrylate the follow 
mg reaction taking place : — ^ 5 ne I0Il0Vt " 

Ho',(CH 2 =CH.C0 2 ) 2 +H 2 0 =Hg +CH 2 =€H.C0 2 H +CH 2 OH.CHHo CO 

Anhydride of a-hydroxymercuri-^-hydroxy-n-butyric acid/ 

CH 3 — CHOH — CH — CO 
Hg-d 

Seven grams of crystallised crotonic acid in 50 c.c. of warm water are 
heated with 7 grams of mercuric oxide until complete solid o 
place. The solution is then evaporated to about 25 c.c cooled and 
treated with 200 c.c. of absolute alcohol. The white 
washed with alcohol and ether, and dried over calcium chloride 
• rhe anhydride may also be prepared by the interaction of crotonic 
acid and mercuric acetate, precipitating the product with alcohol 

vielda 1 ° n ° f Crot ° nic acid usin £ mercuric sulphate solution does not 
yield a pure compound. 1 01 

Derivative of a-acetoxymercuri-/3-hydroxysuccimc acid, 

HO— CH— CO aX 

I >Hg. 211,0 

AcO.Hg — CH — CO/ 

Mercuric acetate 20 grams, is dissolved in 60 c.c. of water and treated 
m the cold with 5 grams of maleic acid in 40 c.c. of water Anv ore 
cipitate winch may be formed is filtered off, 4 grams of maleic add in 
40 c.c. of water added, and the mixture heated, a white miero-crvstalline 
precipitate separating out. This is filtered off and washed wfth very 
dilute acetic acid, then with water, alcohol, and ether. Yield 7-5 wrarns 
It is insoluble m water and alcohol, but dissolves in acids or alkahes' 

£ POtaSSiUra i0 ‘ ,i<lc 


„ TTTT HOCH— CO a Na 

C,H, %1 0, + 8N.Cl= c i^ ( J H _ c o^ + c iH , 0 ^ a+HsCli 

C e H 6 Hg 2 0 7 +4KI =C 2 H 3 0 2 K +C 2 H 2 (C0 2 K) 2 + 2HgI 2 +K0II 
succMcSd® ° f anhydr ° a " h y drox y me rcuri -a -hydroxymethyl 


(H0.CH 2 .C(C0 2 Hg).CH 2 .C0 2 ) 2 Hg or (Hg.CH 2 .C(C0 2 )(0H).CH 2 .C0 2 ) 2 Hg 

When prepared by the mercuration of itaconic acid using mercuric 
sulphate solution, 7 grams of acid and 50 c.c. of the salt solution vtu 
11 grams of product. It contains 3 molecules of water of crvstallisa- 
tion and has similar properties to the preceding compound. 7 1 

Derivative of Citraconic Acid.— Five grams of the acid in 40 c c of 
water are added to a cold solution of 20 grams of mercuric acetate S 
60 c.c. of water. When heated at 60° C. this mixture yields a micro” 

1 Le y> Ber ” 1900 > 33. 1010 ; Biilmann, loc. cit. 
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crystalline precipitate, which is filtered whilst hot. It is washed with 
very dilute acetic acid, water, and alcohol. Yield 8 grams. The follow- 
ing constitution has been assigned to it : — 


CH 3 -C(OH)- 


AeO.IIg.CII - 


-C0 2 

-CO, 


>Hg or 


AcO.Hg.C(CH s )- 
HO.CII 


-CO 


2 \ 


>IItf 


-CO/ 


It is insoluble in water or alcohol, but dissolves in acids. Ammonium 
sulphide precipitates mercuric sulphide from its alkaline solutions. 


Derivatives of Chaulmoogric Acid . 1 

Anhydride of hydroxymercuri-ethoxy-chaulmoogric acid. — 

To 1 mol. of mercuric acetate dissolved in 2000 e.c. of hot absolute 
alcohol and 400 c.c. of glacial acetic acid, and cooled to room temperature, 
1 mol. of chaulmoogric acid is added in small portions, with constant 
stirring, until a fairly clear solution is obtained. After twenty-four 
hours any sediment is filtered off and the filtrate allowed to stand in an 
ice-chest for three months. A total of 50 grams of crystals is thus 
obtained, and recrystallised from 95 per cent, alcohol. A mass of 
silvery, minute needles is formed, melting at 112° to 118° C., to a clear 
liquid. It is readily soluble in chloroform or glacial acetic acid, less so 
in hot alcohol, hot ethyl acetate, or hot acetone, and practically insoluble 
in cold solvents. Its constitution is represented by formula I. 

Ethyl acetoxy mer curi - ethoxy - chaulmoogr ate (II.).— One mol. 
of freshly distilled ethyl chaulmoograte and 1-25 mols. of mercuric 
acetate are dissolved in 1000 c.c. of absolute alcohol and 100 c.c. of 
glacial acetic acid. The solution is tightly stoppered and allowed' to 
stand for ten days in an ice-chest, then filtered, and the filtrate poured 
mto a large volume of water. An oil is obtained, and if the water be 
separated off, the oil partially solidifies on standing. It is filtered and 
, ,‘f resldu ® recrystalhsed froin petroleum ether, then from absolute 
a w io! A leld la grams. It forms minute, colourless needles, M.pt. 
bj to 68 C. 5 stable m air, but decomposed by inorganic acids. 2 


AcO.Hg CH — CH(CH 2 ) 12 C0 2 Et. 


EtO.CII CH, 

\/ 
CII 2 
II. 


Ilg-CII— CH(CH,) 12 CO— A 

EtO.CH CH, 

\/ 

ch 2 

I. 

47 , 1,1“ Patent ’ 245571 : De “’ WrensMt > Fujimoto, J. Amer. OI, n . Sac., 1 92a, 

tion Patent ’ *«’1> -bo deals with the merem-a- 

/ °£. for aliphatic acid mercurials : 

acids im„ 279199, amiomftSnSStM Tid 

ester, triolein. Ibid., 387850 : American Patent 1 / 7 jVT,’ , ,. V’ oleic acld ethyl 
phatM. ^ Abelmann > Ber - Dl ut - 



CHAPTER VI. 

MERCURY ( continued ). 

Aromatic Compounds of the Types R 2 Hg • RHgR' ; RHgX. 
diberizvl 2°®* °{ l' hc type with the exception of mercurv 

temperature is reauired for , to a ^hyls, and a higher 

certiin case, “f in 

cxtensivelv in +i, t- lhe Gn S nard reagent has not been used so 

S S L 56 preparations as with the alkyls, but it is the solo 

Ihe niducUn^f 8 merCUry dib “ ZyI ' “ d been Ifcd to 

n.tuSl ei ™!* !- " rC “" d, l> h '"y' *«d dicyclohexyl. A receS 

St»md ft i“l ead ° f “ *>« eS oTSc 

SSnlhc ” »“way 

«££% S^SSaST fUrth “ if fo ” - halogen 

R 2 Hg +2PIal. =RHgHal. +RHal. 

RHgHal. +2Hal. =RHal. +HgHal. 2 

is di - a - naphthyi 

rh^hT SG i 0US } x y dT % en chloride, bromide, or iodide decompose mercurv 
ccES SSlS" 0di f add *>"“• pbenylmercurfodtle X 
vatives wl'] f ° 10 aC1 j- Y anes m lts act * on towards these deri- 
naphthvl di^d n^XnT 7 C n P ieny] ’ di '0-nitrophenyl, di-p-tolyl, di-a- 
hydroehloric fetd 1 are decomposed when boiled with concentrated 
remain imnl d > mercury di-m-xylyl, dipseudocumyl, and bis-diphenyl 
diXnvl dfn tS' C <f grated , nitric acid Composes mercury 

add livi^imila 1 / 1 ;/ 11 !? and sulphuric 

cici gives similar results. When boiled with organic acids mercurv 

beCi»ri S ^ 0tthe ( tyi,e J E ^' ™ d ”'»cnry di-.-napS?! 
oena\ es m a similar manner towards glacial acetic acid, but when heated 
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in a sealed tube with the latter acid mercury dibenzyl is decomposed. 
As far as investigations have gone, the following chlorides react with the 
type R 2 Hg to yield organometallic compounds : boron, indium, thallium, 
phosphorus, and arsenic trichlorides and silicon tetrachloride, likewise 
the metals magnesium, zinc, cadmium, aluminium, selenium, and 
tellurium. Mercury diphenyl reacts with mercuric chloride in acetone or 
alcoholic solution to give phenylmereuric chloride, but if merctirous 
chloride is used a temperature of 160° C. is necessary to effect the change. 
Mercuric halides or cyanides react with mercury dicyclohexyl in any 
solvent to yield the type RHgX, and the halides give a similar result 
with mercury di-o-naphthyl. Bromine also splits off a naphthyl group 
from the latter compound. 

The foregoing reactions do not necessarily apply to R./Hg when R = 
thienyl, and these compounds come under a category of their own All 
the compounds of this type are prepared from halidemercuri thiophenes 
the method of conversion depending on the position of the substituents 
m the thiophene ring. It was found that attempts to produce the iodide 
mm Achloromereun thiophene by the action of sodium iodide in acetone 
Mmungaveoniysmallyidds, but a considerable amount of mercury 
. - cl ™ienyl was formed at the same time. Investigation showed that 

the 'T V 18 “ * se “ Ml “ e > if 

residue be in the a-position, and in the ease of 5-chloromercuri-2-benzvl 

nffidV, ab0Ut by SOdiUm in aci 

o . f nr o - substituted thiophenes containing methyl groups in the 
f-,\ or3 i° Positions react in a similar manner, but if these i », 

this ease. ° aHg may be also brou ght about by heat in 




mercury. 

The dithienylenes, one of which is shown abov^ 
msolubie powders only decomposing at high temperature* 0 *'^ ^ 
The type RHgR is much less stable than RJH> anrl in oil 
unsymmetrical compounds have been obtained Tv aid of ^ 

reagent. In order to obtain satisfactory yields 2 , Gri ^ nard 

should not be used in lar^e excess anrl ’ * ^rignard reagent 

below 5- C. Mercury ettyf m' be 

months into mercury diethyl and mercury diubenlu ,ldm S> for s ? v p ral 

change takes place with mercury ethyl benzyl Atordml’r^ & S1 “ llar 

mercury phenyl benzyl is slowly transformer ordmar y temperatures 
mercury dibenzyl, but at 80° C. the cleeorntiositioTnmJ dlphenyl and 
dibenzyl, and mercury dibenzyl. Mercury o-tolyl bentTat*^* 1 ?'’ 
yields mercury, d. benzyl, and mercury di-o-tolyl. All 

Sr e ^t“ with alcoho]ic “ ric 

RIIgR' +HgC.l , =RHgCl +RTIgCl 

With alcoholic hydrogen chloride, one compound of the tvne RHafl ia 
always formed, and sometimes both radicles give chlorides hirtn! 
Kfes™ 16 ^ bC f0rmUkted fTOm the known compoun^ to^'cover 

Some methods of preparing derivatives of the tvne r rr„Y i 
already been dealt with in describing the reactions oftlrnSnu 
In the ease of benzene .„d toluene t£= S may be SSKt 

pSnoi T?l3 Un w“ tate ' If ? e <*"»«<>" performed in the 
acetate at 100 ° r h bntt? may be “verted to phenylmercuric 
an SO nS cent v.VW WiTT f akeS ab ° ut fl %;five hours to obtain 

metho r d t Pa t ra ' ?“ f ' subs ^ ut<>ed * ~mp wn^arTjroSd 110 ££ 

R.S0 2 H +HgCl 2 =RHgCl +S0 2 +HCI 

This reaction has been applied to phenyl and tolyl derivatives The 
affn ?r upmg of ar y 1 boric acids may also be replaced by mercury this 
affording one means of preparing phenyl, tolyl, and benzyl compounds 

RB (OH) 2 +HgCl 2 +H 2 0 =RHgCl +HC1 +H 3 B0 3 

baHrl^ nfti ard p f, eagent has been employed in isolating the mercuric 
hahdes of the following radicles : phenyl, tolyl, benzyl, and naphthyl* 

RMgX +HgX 2 =RHgX +MgX 2 

rv; e ,.u COnipOUlld BHgX be treated with a second molecule of 

Gngnard reagent, the type R 2 Hg is produced. °* 

ei !v st .^ lne heated with mercuric chloride yields uhenvl- 

wfth al'enl C i 0ride ’ and tri-m-tolylstibine mercurichloride 7 when boiled 
with alcohol is converted into m-tolylmercuric chloride. 

iodide in^itn 1 ^ 1 Com P°“ nds of the Wpe RHgX react with potassium 

benzenihi deri^ff gl . ve * he type R 2 H S> this “has only been noted in 

large excess of not* ? “ tb , e - , Case of P-tolylmercuric chloride, when a 

me?Lric chlorid?, ^ Un ir dlde 18 USed b With pbenyl and a-naphthyl- 
blondes only the corresponding iodides are produced. The 
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iodides in the tolyl series are obtained by refluxing the other halides 
with alcoholic potassium iodide, and pseudocumyimercuric iodide is 
only formed by heating the R 2 Hg derivative with an excess of alcoholic 
mercuric iodide in a sealed tube at 130° to 140° C. 

The nitrates of the phenyl, tolyl, and a-naphthyl compounds arc 
binned by the action of oxides of nitrogen on the R 2 Hg derivatives 
as well as by alcoholic silver nitrate on the halides. 

In the case of halogen-substituted hydrocarbons the principal 
method used is the mercuration of the sulphinic acid, and not the hydro- 
carbon itself, whilst the method acts equally well with nitrobenzene, 
liie mtrotoluenes when mercurated by mercuric oxide in the presence 
o sodium hydroxide yield compounds containing mercury in the side 
chain, but with mercuric acetate at 140° C., in the absence' of a solvent 
uie mercury enters the ring. If nitrotoluene sulphinic acids are used 

hr,ilm,^fi P T tS ’ th \ acid S rou P is replaced by mercury by prolonged 
twiirng with oO per cent, aqueous alcoholic mercuric chloride. 

acetate if ft™ * Clds are mercurated directly by means of mercuric 
acetate in boiling aqueous solution in the presence of acetic acid 

of sodiumTrtf a f adll lr lerCUrated by mercuric chloride in the presence 
true Rttc/V w’ J 1 f 4 p ng u mon ,°; and dl - m ercurated products of the 
behove ’• hf* n0t Mono-substituted thiophenes usually 

ih! posidon"o7 t a iL n r' ler ’ and i n ^ case of di-substituted thiophenes 
, 16 groups m the nucleus determines whether a di- 

liounds* C The r °h UCt - 1 i S p3rmed: although all yield monomercuri com- 

Compounds of the Type R 2 Hg. 

follows rJ dlphenyI > P^Hg, may be prepared in several ways, as 

that was first noted by Dimroth 

gives mercury diphenyl, and thfs reaoH^ alkall ? le sod ium stahnitc 
h / Maynard and shown to be th £ been worked up 

discovered, the yield being apnmSmSl o?° d ° f P re P a ration yet 

cfT'V 0 grams of «tarmous P chloriden It*** ^ A Solutio11 
"if - ■ f e f ld 40 per cent, sodium hvrWiYn L5 jj C ', of water and 125 
stirnng t° 3° granis of p h env j m y ?f de f added with mechanical 

After stirnng for one hour, mercurv anrf 2 ln ?°° c - c - of water. 

^ “ ass , } f n S filtered, waked, and dried ^ separate, 

extracted from the residue hv i mercury diphenvl is 

iiiov t^^ted by the adefitfon of water * C vfefo^ao 6 ’ and tbe c ^Vd 

may be represented by the equilfon Yleld 13 ' 2 grams. The reaction 

1 Dimroth, So,, 1902, 3S) 2853 ; ^ ^ ^ m6nti ° ned 

y rd ’ Amr - G*«*. Soc., 1924, 4 6, Z510 . 
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as yielding mercury diphenyl, (I) phenylmercuric bromide, by prolonged 
boiling with potassium sulphide, 

2PhHgBr +K 2 S =2KBr +HgS +Ph 2 Hg 

and (2) phenylmercuric iodide, when treated with sodium amalgam in 
alcohol or benzene solution, 

2PhHgI +H a =2HI +Hg +Ph a Hg 1 

3. By the Grignard reaction. 2 Twenty-live grams of bromobeuzene 
and 31 grams of magnesium in dry ether are slowly treated with 13 
grams of mercuric chloride and the mixture boiled for one hour on the 
water-bath. The mass is then decomposed with dilute hydrochloric 
acid and the whole extracted with ether, the ethereal solution yielding 
about 7*5 grams of mercury diphenyl. Yield 44 per cent. Magnesium 
phenyl bromide with phenyl mercuric chloride gives a 67 per cent, yield 
of mercury diphenyl. 

4. By the Fittig reaction. 3 In this case bromobenzene, mercuric 
chloride, and metallic sodium are allowed to react in dry benzene. After 
completion of the reaction the mercury diphenyl is obtained from the 
benzene solution. 

5. By the use of sodium amalgam. 4 Equal volumes of bromo- 
benzene and xylene containing one-tenth by volume of ethyl acetate are 
treated with an excess of 2*7 per cent, sodium amalgam and heated from 
120° to 140° 0. for eight hours. The mercury diphenyl is obtained from 
the benzene-xylene solution in 46 per cent, yield. 

6. From phenylmercuric sulphide, phenylmercuric thiocarbomvte, 
and phenylmercuric thiosulphate. 5 6 

The above three compounds are changed to mercury diphenyl by 
treatment with alcohol, benzene, and sodium thiosulphate respectively. 

7. From phenylarsenious oxide. (5 Thirty-four grams of phenylar- 
senious oxide in 300 c.c. of 2-Normal sodium hydroxide are stirred with 
54*2 grams of mercuric chloride in 500 e.e. of water, the temperature 
being maintained at 0° C. The temperature is then raised by heating 
on a water-bath until no further precipitate is formed, and afterwards 
the product is filtered, washed, and dried. The mercury diphenyl is 
removed from this residue by boiling with alcohol, from which the com- 
pound crystallises on cooling. 

8. From phenylhydrazine. 7 Phenyl hydrazine is heated with an 
excess of yellow mercuric oxide, when nitrogen is evolved, and aniline 
and mercury diphenyl formed. Ten grams of the base yield 4 grams of 
pure compound. A similar result is obtained when mercury acetamide 
replaces the oxide. 

9. By the action of copper on a pyridine solution of phenylmercuric 
bromide. 8 

1 Drelier and Otto, Annalen, 1870, 154 , 93. 

2 Pfeiffer and Triiskier, Ber., 1904, 37 , 1125. 

3 Michaelis and Reese, Ber., 1882, 15 , 2877. 

4 Drelier and Otto, be. cit. ; Ber., 1809, 2 , 542 ; Laden burg, Annalen, 1874, 173 , 151 ; 

Michaelis, Annalen, 1876, 181 , 290 ; Aronheiro, Annalen, 1878, 194 , 14.8. 

6 Pesci, Gazzetta, 1899, 29 , (i.), 394. 

6 German Patent, 272289. 

7 Forster, Trans . Ghem. Soc., 1898, 73 , 783 ; Fischer and Ehrhard, Annalen, 1879, 
199, 332. 

8 Hein, Wagler, and Better, Ber., 1925, 58 , [BJ, 1505. 
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10. From the compound produced by the action of ammonia on 
phenyl mercuric acetate. 1 

The compound (C 6 H 5 Hg) 2 NH 2 OAc reacts with carbon bisulphide in 
alcoholic solution according to the equation : 

(C 6 H 5 Hg) 2 NH 2 .C 2 H 3 0 2 +CS 2 =(C 6 H 5 ) 2 Hg+HgS+C 2 H 4 0 2 +CNStI 

Similar results are obtained if the carbon bisulphide is replaced by 
diphenyl- or p-ditolylthiocarbamides. 

11. The production of mercury diphenyl was noticed when bromo- 
benzene, chloroformic ester, and sodium amalgam interact in the pro- 
duction of esters of benzoic acid. 2 

12. 3 A solution of 6*2 grams of phenylmercurie chloride in 40 c.c. 
of pyridine is treated with 2*5 grams of stannous chloride in 5 c.c. of 
water and sufficient 30 per cent, sodium hydroxide to give solution. 
The mixture is filtered after several hours. Yield 3*1 grams, 90 per 
cent. 

Mercury diphenyl crystallises in small, felted needles, M.pt. 124*5° C., 
B.pt. 204° C. at 10-5 mm. The melting-point as given by various 
investigators ranges between 120° to 126° C., and the variation is no doubt 
due to the presence of small quantities of diphenyl, which is always 
formed at the same time. The crystals turn yellow when exposed to 
light, are soluble in chloroform, benzene, ether, or alcohol, and insoluble 
in water. Its density varies between 2*29 and 2*34. No absorption 
bands are shown by chloroform solutions of mercury diphenyl at any 
dilution. 4 

The reactions of mercury diphenyl are summarised in the following 
table : — 


REACTIONS OF MERCURY DIPHENYL. 


Reacting Sub- 
stance. 

Conditions of 
Reaction. 

Resulting Products. 

References. 

Chlorine. 

Dry gas. 

Phenylmercurie chloride, 
chlorobenzene, mercurous 
chloride. 

Dreher and Otto, Annalen, 1870, 
I54> 93. 

Bromine or 
iodine. 

Two atoms of 
halogen in al- 
cohol or CS 2 . 

Phenylmercurie bromide or 
iodide, bromo- or iodo- 
benzene. 

do. 

Bromine or 
iodine. 

Four atoms of 
halogen. 

Phenyl haloid, mercuric 
salt. 

do. 

Free tbio cyano- 
gen, (SCN) a . 

Ether solution. 

Phenylmercurie thiocyanate. 

Soderback, Annalen, 1919, 419 , 
266. 

Hydrogen chlor- 
ide, bromide, 
or iodide. 

" 

Benzene, mercuric salt. 

Dreher and Otto, loc. cit . 


1 Pesci, Gazzetta , 1909, 39 , (i.), 147. 

2 Wurtz, Compt. rend., 1869, 68 , 1298. 

3 Steinkopf, Bielenberg, and Jensen, Annalen , 1923, 430 , 71. 

4 Purvis and M‘Cleland, Trans. Ghem. Soc., 1912, 1 01 , 1514. 
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Reactions of Mercury Diphenyl continual. 
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Reactions of Mercury Diphenyl — continued. 


Reacting Sub- 
stance. 

Conditions of 
Reaction. 

Resulting Products. 

References. 

Tliionyl chloride. 

Heat. 

Phenylmercuric chloride. 

Heumann and Kochlin Ber . 
1883, 16 , 1625. 

Benzene sulphon 
ic chloride. 
Toluene sulphon- 
ic chloride (p). 

Benzene solution 
at 160° C. 
Benzene solu- 
tion at 120 ° C. 

Phenylmercuric chloride, di- 
phenyl sulphone. 
p-Tolylmercuric chloride, 
phenyl-tolyl sulphone. 

Otto, Ber., 1885, 19 , 246. 

Sulphur trioxide. 


Mercury benzene sulphon- 
ate. 

Otto, J. prakt. Ghem., 1870, x, 
[2], 179. 

Ally! iodide. 


Phenylmercuric iodide, di- 
allyl, diphenyl. 

Suida, Monatsh., 1880, I, 715. 

Ethylene di- 
bromide. 


Dibenzyl, mercuric bromide. 

Dreher and Otto, be. tit. 

Benzal chloride. 

At 150° a 

Phenylmercuric chloride, tri- 
phenylmethane. 

Kekule and Eranchimont, Ber . , 
1872, s, 906. 

Phenyl iodo di- 
chloride. 

Aqueous solu- 
tion. 

Phenylmercuric chloride, di- 
phenyl iodonium chloride. 

Willgerodt, Ber., 1898, 31 , 915. 

Lithium, sodium, 
potassium. 
Copper. 


Mercury, diphenyl. 

Dreher and Otto, lac. cit. 

Magnesium. 


Magnesium diphenyl. 

Hilpertand Gruttner, Ber., 1913, 

46 , 1675; Eleck, Annate n, 
1893, 2 76 , 138. 

Zinc. 

Boil for two 
minutes in hy- 
drogen atmo- 
sphere. 

Zinc diphenyl. 

Hilpert and Gruttner, he. cit. ; 
Dreher and Otto, he. cit. 

Cadmium. 

In hydrogen 
atmosphere. 

Cadmium diphenyl. 

Hilpert and Gruttner, he. tit. 

Boron trichlor- 
ide. 

At 180°-200° C. 
for several 
hours. 

Phenyl boron chloride, mer- 
curic chloride. 

Michaelis, Ber , 1889, 22 , 241. 

Phenyl boron 
chloride. 

At 300°-320° C. 
for 24 hours. 

Diphenyl boron chloride. 

Michaelis, Ber,, 1894, 27 , 244. 

Aluminium. 

At 140° C. for 
JO-15 seconds 
in hydrogen or 
nitrogen atmo- 
sphere. 

Aluminium triphenyl, mer- 
eury, aluminium amal- 
gam. 

Hilpert and Gruttner, Ber., 1912, 

45 , 2828. 

Indium trichlor- 
ide. 

Thallic chloride. 

Ether or benzene 
solution. 

Indium diphenyl chloride. 

Thallium diphenyl chloride, 
phenylmercuric chloride. 

Goddard and Goddard, unpub- 
lished. 

Goddard, Trans. Ghem. tioe. 

1922, 121 , 40. 
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Reactions of Mercury Diphenyl — continued . 


Reacting Sub- 
stance. 

Conditions of 
Reaction. 

Resulting Products. 

Refer is no rs. 

Zirconium tetra- 
chloride. 

Aqueous solu- 
tion. 

ZrOCl 2 , 2PhHgCl, benzene. 

Peters, Ber 1908, 41 , 3173 ; aoo 
Annalen , 1894, 282 , 320. 

Silicon tetra- 
chloride. 

At 300° C. 

Phenylmercuric chloride, 
phenyl silicon trichloride. 

Ladenburg, A nnale n, 1874, 1 73 * 
152. 

Stannic chloride. 

•• 

Phenylmercuric chloride, tin 
diphenyl dichloride. 

Aronheim, Annalen , 1878, 194 , 
148. 

Phosphorus tri- 
chloride. 

Heat at 180° C. 

Phenylmercuric chloride, 
phosphenyl chloride. 

Schwarze, J. prakt. Ghent., 1874, 
10 , ( 2 ), 222 ; Micduteiis ami 
Graeff, Ber., 1875, 8 , 922 ; 

Michaelis, Annalen. 1870, i 8 x. 
290. 

Arsenic trichlor- 
ide (2 mols.). 
Arsenic trichlor- 
ide (1 mol.). 

Heat at 250° C. 

Heat at 2.10° C. 
for several 
hours. 

Phenyl dichloro-arsine, mer- 
curic chloride. 

Diphenyl chloro-arsine, mer- 
curic chloride. 

La Coste and Michael is, A n ttaleti , 
1880, 201,190. 

Phenyl dicliloro- 
arsine (1 mol.). 
Phenyl dicliloro- 
arsine (2 mols.). 


Diphenyl chloro-arsine. 

Diphenyl chloro-arsine, mer- 
curic chloride. 

Michaelis and lank, A tuntlen, 
1881, 207 , 195. 

do. 

Antimony tri- 
chloride. 

Xylene solution 
at 130° C. 

Triphenylstibine dichloride, 
Diphenylstibine trichloride. 

Hasenbaumor, Ber. , 1898 , qx, 

2911. 

Bismuth. 

Heat for 10 min- 
utes at 250° C. 
in hydrogen 
atmosphere. 

Triphenylbismuthine. 

Hilpert and Griittner, Ber. . 1913* 
46 , 1075. 

Bismuth tri- 
bromide. 

Dry ether solu- 
tion. 

Triphenylbismuthine. 

Challenger and AllpresB, Vrawt. 
Chem. fioc., 1921, 1 x 9 , 913* 

Selenium. 


Selenium dipiienyl, selenium 
amalgam. 

Krafitand Lyons, Ber. , 1894, 2*7 
1708. ‘ 

Tellurium. 


Tellurium diphenyl, tel- 
lurium amalgam. 

do. 

Tellurium di- 
ehloride. 

•• 

Ohloro benzene, tellur iu m 
amalgam. 

do. 

Acetyl chloride. 

With or without 
benzene. 

PI ie nylmercuric chloride, 
acetophenone. 

Calvery, ./. Amer. G/tem. Bar 
1926,48, 1009. 

Benzoyl chloride. 

do. 

Phenylmercuric chloride, 
benzophenone. 

do. 

Ethyl chloro- 
formate. 

do. 

Phenylmercuric chloride, 
benzophenone. 

do. 

; ; 
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Mercury 2 : 4 : 6 : 2' : 4' : 6'-hexanitrodiphenyl, M.pt. 272° C is 
formed when mercuric 2 : 4 : 6-trinitrobenzoate is heated to 180°’’ C. 
When heated with alcoholic mercuric chloride it is converted into 2 ■ 4 ■ 6- 
trinitrophenylmercuric chloride. 1 

Phenylmercury 2:4:6 -trinitrophenyl, M.pt. 227-5° C., is obtained 
by heating phenylmercuric trinitrobenzoate in a vacuum at 222° C It 
is decomposed by hydrogen chloride, yielding benzene and 2 - 4 ■ 6- 
trmitrophenylmercurie chloride. 2 ‘ ‘ * ' 

Mercury di-p-chlorophenyl.s— Five grams of p-chlorophenyl- 
mercunc chloride, 6-5 grams of copper and 85 c.c. of pyridine are 
allowed to stand for a day, then the mixture is saturated with carbon 
dioxide. An 81 per cent, yield, or 2-5 grams, of the mercury compound 
9 i 9 o ai oo o r lt crystallises from hot acetone in white needles, M.pt. 
242 to 248 C., readily soluble in pyridine, less soluble in warm chloro- 
lorm or ether. 

o^o M r? rC V7 di ' 1 P .‘ bromophen yl forms white needles, M.pt. 244° to 
245 C obtained m 92 per cent, yield. It is very soluble in pyridine, 
sparingly m cold acetone or ether. 1 “ 

‘’06° M to rC W' y ° f i ‘ 0 ; nitr °ph e nyl occurs in pale yellow needles, M.pt. 

dfcMWhJAA 07 C '- SOub , le 111 Pyndme, hot acetone, and carbon 

disulphide sparingly in carbon tetrachloride. Yield 92 per cent. 

split ofl° i ed concentrated hydrochloric acid nitrobenzene is 


Tolyl Compounds. 

m ,^r? ry di '°' tol y 1 may, be P re P ared by the sodium amalgam 
method (see mercury diphenyl. Method 5). In this case 8 per cent 
amalgam is used, and the yield is about 83 per cent. 4 The compound 
forms quadratic crystals from benzene, M.pt. 108° C • B nt 219 ° f oi- 
14 mm The reactions of mercury di-o-tolyl with ‘the trichlorides of 
boron, phosphorus, and arsenic, also with nitrogen tri- and tetr-oxides 
are similar to those described under mercury diphenyl (p. 74). ’ 

Mercury di-m-tolyl is prepared from m-bromotoluene usino- 30 per 

Spt To2° C Tote k r0m eth T aC 1 ate * colourless needles 
M.pt. 102 C., soluble in benzene, chloroform, or acetone, less soluble in 

TTn° r r * the m H TT with Phosphorus trichloride for twelve hours 
at 200 C. it yields m-tolyldichlorophosphine. weive nours 

wu^ erCUry di"P- tolyl is best prepared according to the descrintion of 

7oTZs e 0 f 1 loSumiodiJ 0 ^ gramS ° f pure P- tol ylmercuric chloride, 
ImnT u Tj / ( 75 P er cent, excess), 300 c.c. of 95 per cent 

alcohol, are boiled for fifteen hours, the whole being vigorousk stirred 
After cooling and filtering the precipitate is washed with water luitil the 
washmgs no longer react with hydrogen sulphide. The product may 
be further purified if necessary by recrystallisation from xylene Yield 

l Kharasch, J. Amer. Chem. Soc., 1921, 43 , 2238. 

s 5 h . ara 4 c 7 h * n< * J. Amer. Chem. Soc., 1925, 47 , 1948 

Hem, Wagler, and Better, Ber. f 1925, 58 1499 47 

5 wl f eIiS ’ B £ r - l 895 ’ 28 > 589 >• Annabm, 1896, 293 , 303. 

n ™-- ^ ^ «. »» , ?„<«„, 



mercury. 

7 9 

of pure product, 80 per cent. The reaction tnW 

equation : leacuon takes places according to the 

2RHgCl +4NaI =R 2 Hg +2NaCl +Na 2 HgI, 

compound may also be prenared from i-> 4 1 

sodium amalgam. 1 * 1 1 p-bromotoluene and 

The pure compound crystallises in needles, M.pt 238° C wii„i 
soluble m benzene, xvlene or chloroform 1J , \ 7. u > wiuCl1 are 
insoluble in water.’ Mercmy dimS? «?vel f hp Soluble + ln ^ohol, and 
as mercury diphenyl (see table, P p. 7^)" wherUt reTcts^vif ^ if ? dUCtS 
halogen acids, mercuric chloride/ boron m ar Lm r chlo^l 0 ^ 118 ’ 
phorus trichloride , 2 silicon tetrachloride, nitrogen tri and ’ ^ 0S : 
sulphur, selenium, and tellurium. 4 & 1 d tetr -°xides, 3 

Treatment with concentrated nitric acid does not yield fh„ u 1 
carbon as with mercury diphenyl but ni trot oh mm! , y f - the h y dr °- 

ganate yields the tolylinercuric’ hydroxide the presle/^ lineperman- 
being shown by changing it to the chloride. ’ ft-Tohiene sulphonic tv? 

tolylmercuric iodide* 2.2 

dSr , ; s "f e ”%T ic cl " 0,i “ e ‘'“ s ,,ot ™ 

P-Tolylmercury2:4:6-trinitrophenyl,Mpt 003 ° r ,,, 

m a similar manner to the phenyl compound' 1 from oti ) P pare - d 
trinitrobenzoate. 6 ~ 1 1 lrom p-tolylmercunc 

Benzyl Compounds. 

conSrKS^ I»™ bee,, a matter of 

ST" thS *’’* S " C “ SSf '" ™ ™ie by“?ofSi“S 

inStoZ !E™! W-4- the Jttr 


Bivins 40 sra,™ of 

1 Ladenburg, Annalen, 1874, 173 , 102 - Reiser Ber isqtx ,r m.™ 

2 Miehaelis, Annalen, 1890, 203 , 292 ’ ’ *’ 1670 ‘ 

2 Kunz, Ber., 1898, 31 , 1528. 

/eiser, Ber., 1895, 28 , 1070. 

0 W } utmore and Thurman, ./. Amer. Ghem. Soc., 1923, 4 s 1068 
, Kharasoh and 0»rafflin, J. Amer. Ghem. Soc., 1925, 47 1948 

- &X£S!m8£&*’ m 1 M. 1300 , Drcher 

■ S“S s “" “ 12 ’ »’• 


1 £ one , s an . cl Werner, J. Amer. Chem. Soc., 1918, 40 , 1257 
Banus, Anal. FIs. Quim., 1922, 20 , 667. 
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Mercury dibenzyl may also be obtained in 75 per cent, yield by the 
action of copper on a pyridine solution of benzylmercuric chloride in the 
absence of air. 1 

Mercury dibenzyl crystallises in thin, lustrous, doubly refracting 
plates, readily soluble in chloroform or carbon tetrachloride, less soluble 
in benzene, ethyl acetate, or alcohol, and insoluble in ether or light 
petroleum. It is not decomposed when boiled with water, and gives no 
absorption bands. 2 When heated with glacial acetic acid in a sealed tube 
for seven hours at 160° to 170° C. it yields mercury, toluene, benzyl 
acetate, and dibenzyl. 3 

Mercury 2:4:2': 4'-tetranitrodibenzyl, (C 6 H 3 (N0 2 ) 2 .CH 2 ) 2 Hg, 
is obtained by heating mercuric 2*4-dinitrophenylacetate to 180° C. 
It melts at 235° C., and w r hen heated in the dry state yields tetranitrodi- 
benzyl. 4 

Xylyl Compounds. 

Mercury di-o-xylyl crystallises in long needles, M.pt. 150° C., 
easily soluble in benzene, chloroform, or carbon disulphide, less soluble 
in ether or alcohol. It has never been prepared by any direct means, 
but was isolated as a by-product by the interaction of monobromo-o- 
xylol, CH 3 : CH 3 : Br==l : 2 : 4, sodium amalgam, and chloroformic 
ester. 5 

Mercury di-m-xylyl is prepared by the addition of 150 grams of 
l-3*4-bromoxylene to 2 per cent, sodium amalgam and the mixture then 
heated for twelve hours at 140° to 150° C. The compound crystallises 
in fine needles, M.pt. 169° to 170° C., difficultly soluble in alcohol or cold 
ether, readily soluble in hot benzene. It is decomposed by hot hydro- 
chloric acid into the hydrocarbon and mercuric chloride. Heated with 
phosphorous trichloride at 230° C. it yields m-xylylmercuric chloride and 
m-xylyldichlorophosphine, whilst arsenic trichloride gives m-xylyl- 
dichloro -arsine.. 6 

Mercury di-p -xylyl is formed under similar conditions to the ortho- 
compound. It crystallises in prisms, M.pt. 1.23° C., and undergoes the 
same reactions as the meta derivative. 

Higher Benzene Homologues. 

Mercury dimesityl forms glistening silver needles, M.pt. 236° C., 
fairly soluble in benzene, less soluble in alcohol. Yield small. 7 

Mercury dipseudocumyl occurs as white prisms, M.pt. 189° C., 
and is less soluble in alcohol than the mesityl compound and not de- 
composed on prolonged heating with concentrated hydrochloric acid. 
It may be prepared in the usual way, using 1*5 per cent, amalgam. 8 

Mercury dipentamethylphenyl, (C 6 Me 5 ) 2 Hg, has been isolated 
from the interaction of sodium amalgam, bromopentamethyl benzene, 
and chloroformic ester, as small prisms, M.pt. 266° C. It distils at higher 

1 Hein, Wagler, and Better, Ren, 1925, 58, [B], 1507. 

2 Purvis and MUleland, Trans. Ghem. Soc., 1912, 101, 1514 

3 Jones and Werner, J. Amer. Ghem. Soc., 1918, 40 1257. * 

4 Kharasch, J. Amer. Ghem. Soc., 1921, 43, 2238. * 

5 Jacobson, Ber., 1884, 17, 2372. 

® Weller, Ber., 1887, 20, 1718 ; Miehaelis, Annalen, 1902, 320, 330. 

' Michaelis, Ber., 1895, 28, 588. 

8 Michaelis, ibid. 
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xylene, less soluble Soll,hle in hot 

alcoho^i^ ^ -luble in 

smell and is easily decomposed wher’i heated with hyd“chloriS"' ,tiC 

Cyclohexyl Compounds . 3 

hours to a black oil when kTpt Zl in a few 
a vacuum desiccator. Mercurv dicvclohexvl fn P entc J x ^ e in the dark in 
M.pt. 78° to 79° whiS^W S&lh ® wbte * hard S ranules < 
combines directly with mercuric halides o^cySeTn TnyTolven? 
to form eye lohexylmercuric salts. It has also been pienared hi t 

Diphenyl Derivatives . 5 

c rt stszss t-siris-sb 

solvents. Concentrated hydrochloric acid on prolonged boiliim does not 
decompose the compound, and its halogen derivatives are only formed 

Mdes ' They * rc ' ,hitc 

si«„ to a C body i"S 

by dibromodiphenyl . Its composition appears to be doubtful. 1 

Naphthyl Derivatives. 

Mer C urydi-a-naphthyl ) (C 10 H 7 ) 2 Hg.«-Bromonaphthaleneis mixed 

with several times its volume of hydrocarbons, B.pt. 120° to 140° C. one- 
tenth of its volume of ethyl acetate, and the whole treated with a slight 
excess of 4 per cent, sodium amalgam. After boiling for eighteen hours 
the mixture is filtered hot, mercury dinaphthyl appearing in white 
glistening, microscopic, rhombic columns on cooling. It has been more 
recently prepared by treating a-naphthylmercurie bromide in pyridine 
solution with copper. 7 The crystals, which melt at 243° C., are easily 
soluble in hot carbon bisulphide or chloroform, and may be reprecipi- 

1 ‘Jacobson, Ber., 1889, 22 , 1215. 

! Michaelis, Ber., 1895, 28, 588 ; Schiff, ibid., 1877, 10, 1745. 

Griittner, Ber., 1914, 47, 1651. 

* ■Kffeneau and Gannag6, Bull. JSci. Pharmacol., 1921, 28, 7. 

5 Michaelis, Ber., 1895, 28, 592. 

! ? r ^° Mories, Annalen, 1868, 147, 164 ; Otto, Annalen, 1870, 154, 188, 

Hem, Wagler, and Better, Ber.. 1925, 58, [Bl 1507 
VOL. XI. : i. * 
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tated by alcohol or ether, also slightly soluble in benzene, insoluble in 
water. 

When heated with concentrated halogen acids, naphthalene, mercury, 
and halogen halides are formed, but 15 per cent, aqueous hydrocyanic 
acid has no effect, even on prolonged heating. Dilute nitric acid decorm 
poses mercury di-a-naphthyl, forming naphthalene, and fuming nitric acid 
gives nitronaphthalenes . Concentrated sulphuric acid yields mercuric 
sulphate and naphthalene sulphonic acid, whilst glacial acetic acid gives 
a-naphthylmereuric acetate and naphthalene. A solution of mercury di-a- 
naphthyl in acetone when boiled with mercuric chloride is converted 
to a-naphthylmercuric chloride. 1 Mercuric iodide when heated for one 
hour with mercury di-a-naphthyl in a sealed tube at 150° C. in alcoholic 
solution gives a-naphthylmereuric iodide. Mercuric bromide acts in a 
similar manner to the chloride when the reaction is carried out in alcohol 
in a sealed tube at 120° to 130° C., and bromine also gives naphthyl 
mercuric bromide under the same conditions. Iodine in carbon bisul- 
phide yields the corresponding iodide, provided the halogen is not in 
excess, in the latter case the products are mercuric iodide and a-iodo- 
naphthalene. Arsenic trichloride reacts to form a-naphthyldichloro- 
arsme at high temperatures. 2 Nitrogen trioxide yields a-naphthyl 
mercuric nitrate and a-naphthyl diazonium nitrate, but nitrogen tetr- 
oxide yields no nitrate or diazonium compound. The following sub- 
stances gave n .0 product with mercury di-a-naphthyl : zinc, copper, or 
tm, the reaction being carried out in carbon disulphide ; ethyl iodide ; 
alcoholic hydrogen sulphide sodium amalgam, the reaction being con- 
ducted m alcoholic solution. 

Mercury di-^-naphthyl. 3 — /3-Bromonaphthalene in about three 
times its weight of dry xylene is treated with 5 per cent, of its weight of 
pure ethyl acetate and a large excess of pasty sodium amalgam. The 
mixture is gently boiled for thirty hours, cooled, and a large excess of 
benzene added. After again boiling, the whole is filtered, when 
mercury di-/3-naphthyl crystallises out in glittering scales, M.pt. 238° C. 
Yield 30 to 35 per cent. The crystals are moderately soluble in boiling 
hydrocarbons very slightly soluble in alcohol and ether, and insoluble 
m water, ihe compound is completely decomposed when warmed 
with concentrated mineral acids, forming mercuric salts and substituted 
naphthalenes. When distilled over soda lime it yields j8j3-dinaphthyl. 
When boiled for one hour with seven parts of arsenious chloride it gives 
p-naphthylarsemous chloride. 4 


Thiophene Compounds. 
Mercury 2 : 2' -dithienyl, 5 


I i 
s 


\/ 

s 


This derivative has been prepared in several ways. 


\ Steinkopf, Annalen , 1917, 413, 310. 

3 1503 >* and Schultze, ibid., 1882, 15, 1954 

4 M^ ae T* S ’ 7 894, 244 ’ Chattaway, Trans. Chern . Soc 1894 6 s 877 

4 Michaelis, Annalen. , 1902, 320, 342. ’ 1 ° 5 ’ y77 * 

5 Steinkopf and Bauermeister, Annalen , 1914, 403, 61. 
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xyleneore — S'" ST ,<► «> k. 1«0 c.c. of ,« 

then heated to boiling and filtered 1 'Xnm H ‘^-n k>1 ' thirty mi nutes, 

mereury dithienyl are obtaiJd^lolir 2 3 * 8 8™* of 

with sodium iodide in SeSSie solvent' mMcSS^tiSe. 40 ?^ 1 ^! 18 J reated 

theViJS^ “Y 90 P^r cent.^yield by 

solution by me ans'd hl Py ridi ^-sodium hydroxidl 

crystals^M^pb 1 • ^ rom benzene in pure white 

alcohol, readily ^olubk in ZZT^f* Soluble * b °* 

acetone solution is treated with - c ^ chloioiorm. When its 

2-halidemereuri thiophenes are obtaincd^Tt T Ul U ! es corresponding 
trichloride, yielding trithionylaiSn? dLilfn ** r< ^ ,lly with arsenic 
diehlor oars ine. ^ c it liuiylchloroarsine, and thienyl- 

Mercury 5 : 5'-dichIoro-2 : 2'-dithienyl, 


V^v®. ’ 

8 H 

« added 

Inmudeoliol ill frlistenitiff silver eryNtals I n c . ry;italllses 

or el,,o„„d, ; „, iiotL „„f very soLl'e'tSootT 1 ™ “ — 
*>. o clt wd(hdt) wative crystallises from a lame hnie nP i j. 

t zjrsnsa*” *«• *» *»• o.vs.!y 

Mercury 5 : 5'-dibenzyI-2 : 2'-dithienyl. — Four trains of 5 
cldoromerouri -2-benzylthiophene in 250 c.c. of acetone a?e mixed with 
moIs.^l.(J2 grams) of sodium thiocyanate in 30 c.c. of 
j - V / C ." 1(1 addition oi sodium chloride solution precipitates the 
x>< y (*,•<$ grains). It is digested with water, dried, and recrystallised 
rom xylene. It melts at 200“ to 210“ C., previously ’sintering elSlv 

and’ imohd h * t<,1 J u ' , , U!, r XykiI ‘ e ’ or Py ri . dhie ’ sparingly in warn benzene 
and insoluble m alcohol, acetone, or ethyl acetate. 


1 Steinkopf, Annalen, 1917, 413 , 310. 

2 Hteinkopf, ibid., 1923, 430 , 71. 

3 Steinkopf^MdL, 1921, 424 , 40. 
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Mercury 3:4:3': 4'-tetramethyl-2 : 2' -dithienyl, 


Mcj jMe Mcj jMe 

'-J— 1 1 J 

S S 


is obtained from 2-iodomercuri-3 : 4-dimethylthiophene in the usual way. 
It melts at 155° to 156° C. and has similar solubilities to the above 
compounds. 

Mercury 3:5:3': 5'-tetramethyl-2 : 2' -di thienyl crystallises 
from alcohol in silvery plates, M.pt. 160° to 161° C. 

Mercury 2:5:2': 5'-tetrarriethyl-3 : 3' -dithienyl, 


S S 


In order to prepare this derivative, sodium is added to a boiling solution 
of 3-chloromercuri-2 : 5-dimethylthiophene in xylene and the solution 
filtered whilst hot. The product obtained on cooling is fractionally 
crystallised from benzene to remove any unchanged starting product. 
The dithienyl melts at 144° to 145° C. 

Mercury 2:5:2': 5'-tetraphenyl-3 : 3' -dithienyl is deposited 
in prismatic needles from xylene, M.pt. 260° to 261° C. 

Mercury-5 : 5'-dichloromercuri-2 : 2' -dithienyl, 1 


H ri 

01 Hgl \/' i ~ Hg_l v /lHgC1 


may be prepared as follows : — 

Ten grams of 2 : 5-dichloromercuri thiophene in 50 grams of pyridine 
are heated in an oil-bath. At 70° to 75° C. a flocculent precipitate 
separates out, and the temperature is raised to 100° C. and maintained 
for thirty minutes. The product is not quite white, is insoluble in 
pyridine and the usual solvents, and remains unmelted at 325° C. 

A second method of preparation consists in suspending di mercury 
2:2 . 5:5 -dithienylene in pyridine and treating with mercuric chloride 
m the same solvent. Yield 35 per cent. 

Dimercury 2 : 2' : 5 : 5' -dithienylene, 


CH=C Hg C=CH 

> < i 

CH=C -Hg C=CH 


is obtained when 1 gram of 2 : 5-dichloromereuri thiophene in 300 c c of 
pyridine 1S treated with 0-75 gram (2 mols.) of sodium iodide in 80 e c 

obtained * ^When fSl cent.) of substance " is 

obtained VVhen 4 mols. of sodium iodide are used only a 50 ner cent 

yield is obtained, and with 2 mols. of sodium thiocyanate only a 24-5 

1 Steinkopf, Bielenberg, and Jensen, Annalen, 1923 , 430, 71 . 



MERCURY. 


85 


per cent, yield. The body is halogen-free non t „• 

soluble in pyridine and all the usual solvcnts Tt ' i^ ''^" and iu ‘ 
380° C. solvents. It; does not melt at 

Dimercury 3 : $• (or 4')-diethyl-2 : 2' : 5 : 5' -dithieuyieue 

CKt=C- " ~ — 


-He- 
'S s< 


-C=CII 


or 


CH =C I-Ig C =CEt 



-C-=CEt 


C=CH 


O v." VjIX 

of pyridine, 

product is a yellow powder, blackening at 4o 0 C a .n J JT Cent "- The 
300° to 315° C„ and is insoluble in the usual soW d %T P °* mg a * 

Swrt™fti?o™^3f < S° ride in Pyridine solutlon a t 35° toS^fus 

D7mercurv3‘' 4 "?t “ 2' r t D J erCUri : 3 ; ethylth,0 P hene - 1 * ' 

cury 3.4.3 .4 -tetramethyl-2 : 2 ' : 5 : 5'-dithienylene 


CMe=C- 


-Hg=CMe 
>S' S< 


CMe =C Hg=CMe 

r* W <s r 


Compounds or the Type RHgR'. 

Mercury ethyl phenyl .2— Phenyl magnesium bromide f‘>3 „ rams s 
m absolute ether is treated with ethyl mercuric chloride 
S“‘" portions. After boiling gently' Cfi ffliieAT 
fox one hour, and then decomposed with 1 per cent ciulnJ-mmV -n 
Ihe ethereal solution is separated, dried, and 1 evaporated at 40° C ,t 
vacuo, when the compound is obtained as an oil. Tiffairly solubR 
oxgcinic solvents, and when kept for several months decomposes into 
mercury diethyl and mercury diphenyl. x 

Mercury ethyl benzyl is prepared from ethyl magnesium bromide 
and benzyimercuric chloride. It is an oil, decomposing*™ ion* keeS 
into mercury diethyl and mercury dibenzyl. When treated with tballie 
chloride it yields thallous chloride, ethyimereuric ehloriJe benzv 
mercunc chloride, and benzaldehyde. 3 ’ yl ~ 

Mercury phenyl benzyl.— To 32 grams of phenyl magnesium 
bromide (4 mob.) in dry ether, 10-5 grams of finel/powderKenzvh 
mercuric chloride are added in small portions, and the mixture worked 
up as above. A faint yellow oil is obtained, which is freed from 

l r £ h ? us .° of . 4 i, n ? ls - of ’““curie chloride gives the same product. 

- Hilpert and Gruttner, Ber,, 1915, 48 , 906. 1 

3 Goddard, Trans. Ghem. Soc., 1923, 123 , 1168. 
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impurity by shaking with five times its volume of cold absolute alcohol, 
and then poured into 200 c.c. of boiling alcohol, and the whole strongly 
cooled. The oil separates out, and is treated several times with alcohol 
as above, and finally dried in vacuo over phosphorus pentoxide at 35° C. 
It is slightly soluble in water or cold alcohol, easily in hot alcohol, 
and miscible with ether, petroleum ether, benzene, and its homologues! 
At 80° C. it is rapidly decomposed to mercury, dibenzyl, and 
mercury dibenzyl, whilst at ordinary temperatures it slowly changes 
to mercury diphenyl and mercury dibenzyl. With faintly acid or 
neutral solutions of silver nitrate it gives a precipitate immediately, 
the latter containing no halogen, and when the mixture is boiled silver 
separates. 

Mercury o-tolyl benzyl is a colourless oil, from o-tolyl magnesium 
bromide and benzylmercuric bromide. It absorbs iodine, yielding 
benzyl mercuric iodide, and when heated at 80° C. for several hours it 
decomposes into mercury, dibenzyl, and mercury di-o-tolyl. 

Mercury phenyl thienyl , 1 


! I i i 

b/U'sAJ 

S 

To 7-4 grams of thienyl magnesium bromide in 50 c.c. of ether, 10 grams 
of phenyl mercuric chloride are added in small portions, and a lively 
reaction ensues giving a clear solution. After completion of the re- 
action the mass is decomposed with 1 per cent, hydrochloric acid and 
extracted with ether. From the latter solution 7 grams of faint yellow 
product are obtained, which on crystallisation from alcohol gives silver- 
grey plates. Repeated crystallisations give crystals, melting at 163° to 
165° C. 

Mercury phenyl-p-tolyl. 2 — Ivharasch and Marker have recently 
criticised the preparation of these asymmetrical compounds as practised 
hy Hilpert and Griittner, on the grounds that the difficulty of obtaining 
the compounds was due to their use of too large an excess of Gricmard 
reagent, and not controlling the temperature sufficiently. Their modi- 
fication of Hilpert and Griittncr’s method is illustrated by applying it 
to the preparation of mercury phenyl-p-tolyl, carried out as follows : 
To two molecular equivalents of phenyl magnesium bromide in dry 
ether, one molecular equivalent of finely powdered p-tolylmercuric 
chloride is added in small portions, with constant shaking. The tempera- 
ture is maintained at 5° C., the shaking continued until all the p-tolyl 
mercuric chloride dissolves, and the mass decomposed with 0T per cent, 
sulphuric^ acid, the temperature during the latter operation beinv kept 
below 10 G. The product is extracted with ether, the solution dried 
oyer anhydrous sodium sulphate, and the solvent removed in vacuo. 
Ihe residue is then washed five times with alcohol and a Grain dried 
m vacuo. 

This method is used to prepare the derivatives shown in the following 
table, and the results of decomposing them with alcoholic hydrogen 
chloride and alcoholic mercuric chloride are given 


1 Steinkopf, Annalen, 1923, 430 , 70. 

2 Kliarasch. and Marker, J . Amer. Ghevi. 80 c., 192(5, 48 , 3130. 
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Compound. 

Products obtained by Decomposition of the Compounds with 1 

(1) Alcoholic mercuric chloride. 

(2) Alcoholic hydrogen 
chloride. 

Mercury methyl phenyl. (Liq.) 
Mercury methyl benzyl. (Liq.) 
Mercury methyl butyl. (Liq.) 
Mercury methyl cyclohexyl. (Liq.) 
Mercury methyl mesityl. (Solid.) 
Mercury ethyl naphthyl. (Liq.) 
Mercury ethyl benzyl. (Liq.) 

Mercury propyl butyl. (Liq.) 
Mercury butyl isoamyl. 

Mercury butyl phenyl. (Liq.) 
Mercury phenyl cyclohexyl. (Solid.) 
Mercury phenyl naphthyl. (Solid.) 
Mercury phenyl o-anisyl. (Solid.) 
Mercury phenyl mesityl. (Solid.) 
Mercury phenyl p-tolyl. (Solid.) 

CgHg.HgCI -f CHj.HgCl. 

C 6 H 6 .CH a .HgCl+CH 3 .HgCl. 

C 4 H r HgCl+CH 3 .HgCl. 

C 6 H u .HgCl+CH. 1 .HgCl. 

(CH 3 ) 3 .C 6 H 3 .HgCl+CH 3 .HgCl. 

C 10 H 7 .HgCl+C 2 H,HgCI. 1 2 3 * S 

C 6 H 6 .CH a .HgCl+C 3 H 6 .HgCl. 

C 3 H,.HgCl-f C 4 H 9 .HgCl. 
C4Hg.HgCl-i-C5Hj1.HgCI. 

C4Hg.HgCl-fCgH5.HgCl- 

C5Hu.HgCl-fCgH5.HgCl. 
CjoHj.HgCl-fCgHj.HgCl. 
o-CgH 4 (OCH 3 ).HgCl+ CgHg.HgCI. 
(CH 3 ) 3 .CgH 3 .HgCl-fC„H 6 .HgCl. 
CH3.C5H4.HgCl-fC5H5.HgCl. 

CH 3 .HgCl. 

C,H 5 .CH 2 .HgCl. 

C 4 H 9 .HgCl. 

CgHjj.HgCl. 

CH 3 .HgCl. 

CjHj.HgCl-fCjgHg. 

CgH s . CH 2 .HgCl-f C 2 H s . 

HgCl. 

C3Hj.HgCl-fC4Hj.HgCl. 

C4Hg.HgCl-fC5Hjj.HgC 1 . 

CgHg.HgCI. 

CgHjj.HgCl. 

CgHg. HgCl -f CjgHg. 
CgHg.HgCI. 

CgHg.HgCI. 

CgHg.HgCI. 


Compounds of the Type RHgX. 

Phenylmercuric Compounds. 

Phenylmercuric chloride, C 6 H s HgCl.-This substance is obtained 
in several ways : ueu 

1 . A 94 per cent, yield may be obtained from mercury diphenyl 
under the following conditions : 2-5 grams of the latter substance in 
25 c.c. of acetone are treated with 1-95 grams of mercuric chloride in 10 c c 
of acetone, when phenylmercuric chloride (3-7 grams) is immediate! v 
preapxtated. A further 0 ; 5 gram may be recovered 

the addition of water. A similar reaction takes place in alcohol 

2. A large number of substances react with mercury dinhenvl 

giving phenylmercuric chloride as one of the products of reaction the 
yield m some cases being very small. The following list gives the most 
important of these reagents b 

, * D 7i ch i 01 ^ n ! gas?2 hypocMorous acid, 2 thallic chloride, 3 silicon 
tetiachlonde, stannic chloride, 5 zirconium tetrachloride, 6 7 phosphorus 
tnchlonde, ’ mercurous chloride, 8 thionyl chloride, 3 10 benzene sulphonic 
chloride, benzal chloride, 11 phenyl iododi chloride. 12 

1 Steinkopf, Annalen, 1917, 413 , 329. 

2 Dreher and Otto, Annalen, 1870, 154 , 93 . 

3 Goddard, Trans. Ghem. & be., 1922, 121 , 40. 

* Ladenburg, Annalen, 1874, 173 , 152. 

5 Aronheim, Annalen, 1878, 194 , 148. 

G Peters, Ber., 1908, 41 , 3173. 

7 Schwarze, J. prakt. Ghem., 1874, 10 , [ 2 ], 222 • 

922 ; Michaelis, Annalen, 1876, 181 , 290. 

8 Otto, J. prakt. Ghem., 1870, 1 , [ 2 ], 179. 

9 Heumann and Koclilin, Ber., 1883, 16 , 1625. 

10 Otto, Ber., 1885, 18 , 246. 

11 Kekul 6 and Franchimont, Ber., 1872, 5 , 906. 

12 Willgerodt, Ber., 1898, 31 , 915. 


Michaelis and Graeff, Ber., 1875, 8, 
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3. From benzene. 1 A mixture of 50 grams of mercuric acetate, 
50 c.c. of glacial acetic acid, and 100 c.c. of thiophene-free benzene is 
heated in a pressure flask for five hours at 100° C., then cooled, the 
residue filtered off and washed several times with benzene. The filtrate 
which contains the acetate is evaporated down and treated with alcoholic 
calcium chloride solution, when the chloride is precipitated. This is 
filtered off and washed with hot water to remove any adhering calcium 
chloride. 

4. From benzene sulphinic acid. 2 This acid in dilute alcohol is 
treated with an aqueous solution of mercuric chloride and the whole 
heated until the evolution of sulphur dioxide ceases. The solid product 
thus obtained is found to contain small quantities of phenylmercuric 
chloride. 

5. By heating phenyl boric acid with aqueous mercuric chloride 
solution. 3 

6. By heating triphenylstibine with 3 mols. of mercuric chloride, 
when antimony trichloride and 3 mols. of phenylmercuric chloride 
are formed. 4 


7. Phenylmercury 2 : 4 : 6-trinitrophenyl is boiled with mercuric 
chloride in alcoholic solution, phenylmercuric chloride and trinitro- 
phenylmereuric chloride being formed. 5 

Phenylmercuric chloride crystallises from a large quantity of hot 
benzene in satin plates, melting at 250° to 251° C., insoluble in water, 
and only slightly soluble in cold alcohol or benzene. It readily sublimes 
without decomposition on gently heating. 

Treatment with moist silver oxide gives a solution of the correspond- 
hychxmde ; dry silver oxide does not yield an oxide but decomposes 
• ic chloride with formation of mercury diphenyl, mercuric oxide, and 
si \er chloride. When an acetone solution of phenylmercuric chloride 
Wlt j 7 a s j milar solution of sodium iodide, phenylmercuric 
iodide is formed. Arsenic trichloride heated at 100° C. for four to five 
hours with the chioride yields phenyl dichloroarsine. 8 With phenvl 

chtoride s° ri Ethvi „? eWs t mer r C cllloride and di Phenyl iodonium 
150° f "vipin;,,:, lnerc : a P tan decomposes phenylmercuric chloride at 
A ° - leldln S thio-mercunc chloride, C1H> SEt 10 
^Phenylmercuric bromide may be obtained from phenyl mag- 
nesium bromide and mercuric bromide in dry ether : 11 by the inter- 
action of mercury diphenyl and two atoms of bromine; if four atoms 
of the halogen are used, bromobenzene and mercuric bromide result 12 

Sed 'STo^C Phe S yl r d k ™” i * L, 

le bromide crystallises in a similar form to the chloride, and melts 

J Boeder and Blasi, jSer., 1914, 47 , 2751 
- Peters, Ber 1905, 38 , 2567. 

4 M* C E ae r S an 1 5 ecker ’ Ber '> 1882, 15 , 182. 

Michaelis and Reese, Annalen, 1886 233 49 

Kiarasch and Grafflin, J. Amer. Ghem. Soc 1925 ai im« 

Otto J. prate. Chm., 1870, i, [2], 184 ” ’ 47, 1948 ‘ 

Steinkopf, Annahn, 1917, 413 , 329 ' 

Boeder and Blasi, he. cit * 

1 ! i Vil , Ige ™ dt ’ Ser -> 1898, 31, 915. 
oaclis, Ber., 1920, 53 1737 

“ an f Oriittner, Ber, 1913, 46 , 1685 

Ureter and Otto, Annalen, 1870, 154 , 93 . ’ 
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at 276° C.; it resembles the chloride in its solubility and General nro 
peities. An alcoholic solution of potassium sulphide on prolonged 

poSum broinide ! 111 ^ dipheny1 ’ mercuric su »PWde, ami 

Phenylmercuric iodide may be obtained as follows .— 

1 . from phenylmercuric chloride and sodium iodide the reaction 
being carried out m acetone. Yield 77-5 per cent * CACtl0n 

J;J erC ^^y} iu alcoho1 or carbon bisulphide is treated with 
a solution of iodine in the same solvent.* A similar result is obtained f 
meicunc iodide replaces the iodine and the whole is boiled. 

iodide . 3 16117 melCUnC cyanidc is decomposed by iodine, yielding the 

10 /.!‘ de cr ystallises in glistening satin plates, melting at 264° to 
2b6 + C - lhe ^tals are odourless, not affected by light Insoluble 
water, very slightly soluble in cold alcohol, ethen*, benzene readi v 
soluble m chloroform or hot benzene. When heated above its ’melting 
point phenylmercuric iodide gives mercuric iodide. t g - 

^cohohe or carbon bisulphide solution of the iodide is 
S! d . lodine ’ wdobenzene and mercuric iodide result, but sodium 
° d , does no * reael ; with an acetone solution of the iodide 4 Sodium 
amalgam reacts with an alcoholic solution of phenylmercuric iodide 
giving mercury , mercury diphenyl, and hydrogen iodide bS ? the 

mercury, ^mercury dipW? Z 

Phenylmercuric thiocyanate, CJI HtrfWe 

dinl ° bt i ained by he 1 atin « together equal molecules of°mm‘ury 
diphenyl and mercury thiocyanate, and later by treating nhrnvi! 
mercuric iodide with free thiocyanogen in carbon bisulphide solution 
t has more recently been formed by treating phenyl mercuric chloride 
wdh sodium thiocyanate in acetone solution! or boilln^c^w d 

h f ii ? erC , Ury thl0Cyanatc in acetone solution . 7 It. crystallises 
m small, pearly plates, melting at 231° to 232-5° C., insoluble in water 
soluble in boiling alcohol or benzene 8 < - , 

Phenylmercuric cyanide. 3 -- When an equal number of molecules 
i Ji " ry 9 diphenyl and mercuric cyanide in alcoholic solution are 
catce! m a scaled tube at 120 ° C. the cyanide is formed It ! 
obtamec 1 when the corresponding iodide is treated with silve, eyanide 

0 - be r nC ^ c . ryst f 1 i , ? cs . m lar ff c rhombic plates, melting at 203° to 
-i C.,' somewhat soluble in boiling water, easily in boilihw aleohnl 
ea, ,ec in a sealed tube at 120° C. with concentrated hydrochloric icicl 

heated with “no i ner ? imc cMorideformic acid, and ammonium chloride- ■ 

• potassium hydroxide it yields mercury, benzene and 

potassium cyanate. It is decomposed by iodine, with formation of* 
phcnyhnercurie iodide and cyanogen iodide, and by hydro “n su I !hide 
yielding benzene, mercuric sulphide, and hydrogen cyanide. ' 1 “ “ 

enylmercuric hydroxide .—Solutions of this body arc obtained 

l Steinkopf, Annalen, 1917, 413 , 329. 

“ JJreher and Otto, loc. cit. 

I 0hem -’ 1870 > PI, 182. 

otemkopf, loc. at. r > , yv 

7 hiT,%i & 182 ; ^ A* & 

» SoM R/ - Hg - S - R "’ 800 Sachs ’ 1923, 433 , 154. 
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when mercury diphenyl is oxidised by potassium permanganate, 1 or when 
the corresponding halides are treated with moist silver oxide. The com- 
ponents are boiled in alcohol, then evaporated in vacuo , when small, 
white rhombic prisms are deposited, sintering at 160° C. and melting 
above 200° C. The crystals are slightly soluble in cold water, more 
soluble in alcohol or benzene. The aqueous solution liberates ammonia 
from its salts, and precipitates alumina from aluminium salts. Treat- 
ment with acids yields the corresponding salts. 

Phenylmercuric nitrate. — Alcoholic solutions of the chloride on 
long boiling with silver nitrate yield the nitrate in shining, rhombic 
plates, melting at 165° to 168° C. with decomposition, somewhat soluble 
in boiling water, easily soluble in boiling alcohol or benzene. Treat- 
ment with concentrated nitric acid gives benzene and mercuric nitrate. 
Mercury diphenyl when treated with mercuric nitrate or nitrogen 
trioxide or tetroxide also yields phenylmercuric nitrate. 2 * 

Phenylmercuric carbonate 3 is prepared from the chloride in a 
similar manner to the nitrate using silver carbonate. It forms small, 
white needles, very slightly soluble in boiling water, easily soluble in 
boiling alcohol or benzene. When heated it melts with decomposition, 
and with strong acids gives carbon dioxide and the corresponding salts. 

Phenylmercuric formate. 4 — When mercury diphenyl and' formic 
acid are boiled for a short time, then poured into water, the formate is 
precipitated. It crystallises from hot formic acid in glistening plates. 
M.pt. 171° C. 

Phenylmercuric acetate maybe prepared as follows : — 

1. A mixture of 80 c.c. of benzene, 15 grams of mercuric acetate, and 
20 c.c. of 95 per cent, alcohol are heated at 100° C. for five hours. A 
yellow precipitate forms during this time which is dissolved by the 
addition of a few c.c. of glacial acetic acid. A further 20 c.c. of alcohol 
are now added and the heating continued for a further fifty hours 
The solution is then filtered, evaporated to dryness, and the residue re- 
crystafiised from 95 per cent, alcohol. Yield 12*6 grams (80 per cent. ). 5 

2. By boiling a mixture of mercury diphenyl and glacial acetic acid. 

3. By heating mercury diphenyl and mercuric acetate in alcoholic 
solution in a sealed tube for one hour at 120° C. 6 

4. By heating phenylmercuric iodide and silver acetate for a Ions' time 

in dilute spirit. . 49 


. 5 - B >’ b ° ilin g b ««ene for several hours at 110° C. with dry mercuric 
acetate. The acetate crystallises in small, white, odourless, glistenin" 
oblique, rhombic prisms, M.pt. 149° C., easily soluble in hot water! 
glacial acetic acid, benzene, or alcohol. 

When heated at 150° C. phenylmercuric acetate gives carbon 
benzene, mercury oxygen, and acetic anhydride. Dry distillation 
yields mercury, diphenyl oxide, and acetic anhydride. Distillation with 
sulphur gives mercury, benzene, acetic acid, acetic anhydride and 
diphenyl sulphide. Boiling with dilute sulphuric or hydrochloric acid 
produces benzene, acetic acid, and a mercuric salt. The acetate is 
reduced by nascent hydrogen to benzene, mercury, and Acetic ! acid! 


1 Otto, J. prakt. Chem., 1884, [ 2 ], 29 , 136 

2 Bamberger, ifer., 1897, 30 , 506. 

1 Dreker and Otto, Annalen, 1870, 154 93 

5 Maynard, Amer. Chem. Soc., 1924 ’46 "lol 

7 Dimroth, Ber., 1898, 31 , 2154; 1899, 32 , 758 


3 Otto, be. cit. 
6 Otto, loc. cit. 
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Treated with iodine a warm aqueous solution yields iodobenzene acetic 
add, and mercuric iodide Aqueous or alcoholic hydrogen sulphide S 
a heavy white precipitate which turns gray and then black, the result 
mg solution containing benzene, acetic acid, and mercuric sulphide 
Heated with yellow ammonium sulphide at 100° to 110° C in ;! i i 
tubes gives a similar result to the preceding. Heating with arsenic 
trichloride lor our to five hours at 100° C„ gives phenyldlchloroarSne ' 

95.6 ^r U S!^ “ S ° dlUm StannitC giVCS diphenyMn 

Phenylmercuric propionate, prepared in the same way as the 
formate forms matted crystals sintering at 145° C. and melting at 165° 

Scohol or" benzenef * ^ ^ ^ soluble fn 

Phenylmercuric myristate.®- Equal numbers of molecules of 
myristic acid and mercury diphenyl are heated together in alcoholic 
solution m a sealed tube at 1 20“ C Small, fatty, rhombic scales are ob- 
tained insolube m water soluble in boiling alcohol or benzene and 
when boiled with hydrochloric acid they are decomposed into benzene 
myristic acid, and mercuric chloride. 1 

Phenylmercuric sulphide . 4 Phenylmercuric acetate is dissolved 
in ammonium hydroxide-ammonium acetate solution, and treated with 
hydrogen sulphide or an alkali sulphide, when phenylmercuric sulph de 
is precipitated as a white amorphous powder. It is insoluble in water 
oi alcohol but dissolves m chloroform, this solution soon decomposing 
Hydrochloric acid liberates hydrogen sulphide, and continued bong 
with ^cohoi gives mercuric sulphide and mercury diphenyl. Heated 
to 108 C. the compound blackens and decomposes. 

Phenylmercuric thiocarbonate, (C B ILlIg ),CS ' When th P 

sulphide is dissolved in cold carbon bisulphide the solution first deposits 
silky needles, and afterwards a yellow product which is only slightly 
soluble in carbon bisulphide. This substance is the thiocarbonatJ 
which is insoluble m water or alcohol, slightly soluble in ether or benrene’ 
more so hible m chloroiorm, and forms a clear solution in hot fumiire 
hydrochloric acid At 108 ° C. it blackens, mercuric sulphide be g 
deposited ami carbon disulphide evolved. It is rapidly decomposed 

mercurkf sul] 'hide. >C1 1 /iOU< ’ Wlth thc Production of mercury diphenyl and 

Phenylmercuric thiosulphate.® Two molecules of phenylmer- 
cuuc acetate m ammonium hydroxide —ammonium acetate solution are 
Y lth ° n . e molecule of sodium thiosulphate, when a white pre- 
cipitate is obtained insoluble in ordinary solvents but dissolving in 
concentrated hydrochloric acid, with evolution of sulphur dioxide and 
deposition oi sulphur. This thiosulphate readily dissolves in aqueous 
The'eon thiosulphate, the solution giving mercury diphenyl on standing. 
The compound is not decomposed when heated to 200° (1 g 

Compounds of Di(phenylmercuri)-amine, (C 6 H 5 Hg) 2 NIl.« 

form eS salts a of Sl ?r W H S*? Jj^nylmercuric salts react with ammonia to 
salts oi (C a II 5 IIg) 2 MI , these compounds yielding ammonia 

l Boeder and Blasi, Her., 1914, 47 , 2752. 

3 (Mem ' 4 6 , 1511 ; Dimroth, JBer., 1902, 35 , 2853 

Otto, ,/. prakL Cham., 1870, x, ( 2 ], 185. 

losei, 6 Wto, 1899, 29 , i. 394. ‘ * I-eaci, ibid. « I’esci, ibid., 1909, 39 , i. 147. 
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when decomposed, but no hydroxide when treated with alkalies or silver 
hydroxide. 

Phenylmercuriamine acetate, (C 6 H 5 PIg) 2 NH 2 .O.CO.CH 3 . — This 
compound separates out when phenylmercunc acetate is dissolved 
in ammonium hydroxide. It crystallises from methyl alcohol in 
needles, melting at 179° C., readily soluble in alcohol, sparingly soluble in 
water. Excess of concentrated sodium thiosulphate or refluxing with 
alcoholic carbon bisulphide gives mercury diphenyl. 

The nitrate is formed when ammonium nitrate is added to the above 
ammoniaeal solution of phenylmercuric acetate. It forms brilliant 
scales from alcohol, melting at 230° to 235° C. with decomposition. 

The sulphate is precipitated by sodium sulphate and is an infusible 
precipitate, forming a compound with ammonium sulphate, 

[(C 6 H 5 Hg) 2 NH 2 ] 2 S0 4 .(NH 4 ) 2 S0 4 

which crystallises in rectangular tablets. 

The chloride , prepared from phenylmercuric chloride, crystallises in 
microscopic prisms, melting at 184° C. with decomposition. 

Tetra (phenylmercuri) thiourea, (C 6 H 5 Iig) 4 N 2 CS. — The above 
acetate treated with thiourea gives this derivative and ammonium 
acetate. It Is insoluble in the usual solvents and darkens at 104° to 
105° C. When boiled with alcohol it decomposes, giving mercuric 
sulphide, mercury diphenyl, and phenylmercuri cyanamide, 

(C 6 H 5 Hg) 4 N 2 CS =HgS +(C 6 H 5 ) 2 Hg+(C 6 H 5 Hg) 2 N — CN 

Phenylmercuri cyanamide, formed as shown above, is a white 
amorphous powder which decomposes when heated. It is decomposed 
by cold dilute hydrochloric acid into phenylmercuric chloride and 
cyanamide. 


Tolylmercuric Compounds. 

o- Tolylmercuric chloride may be prepared by treating o-toly] 
boric acid with mercuric chloride, 1 or by separating it from the para 
compound formed when toluene is mercurated by mercuric acetate after 
treating the mixture with sodium chloride. 2 It crystallises from 
alcohol m white crystals, M.pt. 146° C. 3 

o- Tolylmercuric bromide . 4 — To a solution of 28 grams of o-tolyl 
magnesium bromide m 100 grams of ether, 58 grams of mercuric bromide 
arc added, the mixture shaken for one hour, boiled for two hours, and 

ih^ a Ir Ved t0 ° Ver " night * 11 is then worked up in the usual way, 
Jf gr f m £ ^ P er cen i t * yw*Id) of the bromide are obtained. From 
xylene or alcohol it forms hair-fine needles, M.pt. 168° C., easily soluble 

ethl nd \T' ° r f 11 i m tfi nd re P reci P itated by the addition of petroleum 
ether. It is only slightly soluble m cold alcohol, ether, benzene chloro- 
form, or acetone, but readily soluble in hot benzene or iH^SS 
Ihe crystals are not affected by lioRf nomoio^ucs. 

o - Tolylmercuric iodide.— w\en the above bromide is boiled with 
c C0 10 1C P otassium 1G dide m slight excess, a quantitative yield of the 

1 Michaelis, Ber., 1894, 27 244 

2 Dimroth, Ber., 1899, 32, 758.' 

I S, fey l Tra ”i: GUm - Soc -> 1925, 127, 1029. 

Hilpert and Gruttner, Ber., 1915, 48, 906. 
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yellow sulphide is precipitated. In the presence of moisture it soon 
decomposes and blackens, mercuric sulphide separating out 

o-Tolylmercuric nitrate is formed when mercury di-o-tolyl is 
treated with nitrogen trioxide or tetroxide 1 J y 1S 

m-Tolylmercuric chloride ^ is readily obtained f 
boric acid as m case of the ortho compound; 0 from tri-m-tolylstibine 
mercunchlonde by boiling with alcohol ; ‘ and by heating an Ilcohohc 
solution of mercury di-m-tolyl with mercuric chloride. 

It crystallises m white needles, melting at 159° to 160° C easilv 
soluble in chloroform or benzene, with difficulty in alcohol, and it sub 
limes without decomposition. 0 

The bromide is prepared in the same way as the chloride ; it crystal- 
lises from alcohol m white needles, M.pt. 183° to 184° C J 

The iodide forms white pearly plates, M.pt. 161° *to 162° C. • tW 
acetate , white shining needles from water, M.pt. 83° to 84° C * thA 

M n, 1M ; C ' ; white neediest 

M.pt. 102 C., insoluble in cold water, easily soluble in alcohol 

f 0 llo P ws °i y riC chloride — This derivative is prepared as 

1. A mixture of 300 c.c. of water and 100 grams of powdered mercuric 
chlonde is heated in a 2-htre beaker, and a solution of 80 grams of 
sodium p-tduene sulphurate in 200 c.c. of boiling water carefully added 
to the hot solution. A heavy white precipitate is thrown down and 
suiphur dioxide is evolved. When the frothing ceases, 200 c.c. of water 
are added and the mixture boiled, with occasional stirring, until the 
evolution of sulphur dioxide slackens. A further 200 c.c. of water are now 
added and boiling continued until no more sulphur dioxide is given off 
I he mixture is filtered, and washed with water until the washing give 
no precipitate with sodium hydroxide, the residue then being dried at 
110 L. Yield 65 per cent. 1 2 * 4 5 

2. Heating p-tolyl sulphinic acid with mercuric chloride until evolu- 
tion ot sulphur dioxide ceases. 6 7 

sulphonyl chloride with mercury diphenyl for 
fifteen hours at 120° C. 7 J 1 J 

4. By heating mercuric chloride and mercury di-p-tolyl in alcoholic 

solution in a sealed tube at 160° C. 8 ' 

5. From p-tolyl boric acid in the usual way. 9 

6. By separation of the ortho and para isomers formed in the direct 
mercuration of toluene by mercuric acetate, after treating with sodium 
chloride. 10 


1 Kunz, Ber., 1898, 31, 1528. 

2 Miehaelis, Ber., 1895, 28, 588. 

2 Khotinsky and Melamed, Ber., 1909, 42, 3094. 

4 Miehaelis and Genzken, Annakn , 1887, 242, 170. 

« VVhitHxore, Hamilton, and Thurman, J. Amer. Ohem. 80 c., 1923, 4c 1066 

8 Peters, Ber., 1905, 38, 2569. 

7 Otto, Ber., 1885, 18, 246. 

8 Otto, J. prakt. Ohem., 1870, 1, [2], 185. 

8 Miehaelis and Becker, Ber., 1882, 15, 185 

10 - Dimroth > B * r -> 1899, 32, 758; cf. Coffey, Trans. Ohem. Soe., 1920, 127, 1029. 
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The chloride crystallises in shining scales, melting at 232" to 283 ; 

it is insoluble in water, soluble with difficulty in hot alcohol and easily 
in boiling benzene. Its solution in acetone when treated with sodium 
iodide yields p-tolylmercuric iodide, but no mercury di-p-t;olyl is formed. 1 

p - T olylmer cur ic bromide —From 28 grams of p-tolyl magnesium 
bromide and 58 grams of mercuric bromide a yield of 14 grams of p. 
tolylmercuric bromide is obtained. 2 The yield is not so good when 
mercuric chloride is used in place of the bromide. 2 

The bromide crystallises in fine needles from benzene, melting at 
234° to 235° C. It is sparingly soluble in the usual organic solvents. 
It reacts with phosphenyl chloride in two to three hours at 270 C. in 
dry carbon dioxide to form phenyl-p-tolyleldoi'ophosphine, 

p- Tolylmercuric iodide. — This derivative may be prepared from 
the chloride as shown above, or from the bromide by boiling with 
potassium iodide in alcoholic solution for two hours. Its melting-point 
has been given as 213° to 214° C. and 217° C. ; it is sparingly soluble in 
organic solvents. 4 

p -Tolylmercuric carbonate is a crystalline powder, deeomnosim* 
above 260° C. 

p- Tolylmercuric mercaptan is a yellow, insoluble product pre- 
pared from the above carbonate and carbon disulphide. 

p- Tolylmercuric nitrate is prepared similarly to the ortho com- 
pound from mercury di-p-tolyl and trioxide or tctroxidc of nitrogen/* 
p -Tolylmercuric acetate. The methods of prepamt UnC of this 
derivative, as also of the preceding one, are similar to those for the phenyl 
compound. It forms rhombic prisms from alcohol and benzene* M.ptv 
153° C. It is less soluble in the usual solvents than the phenyl* 
compound. 

p-Tolylmercuric-2 : 4 : 6-trinitrobenzoate is prepared from the 
hydroxide and the substituted benzoic acid in alcoholic solution. It 
melts at 227° C., but when heated in an oil-bath at 220 * to 280 (\ until 
all effervescence ceases it forms p-tolylmercuric-2 : 4 : 6-trinitro- 
phenyl, a pale yellow product, M.pt. 102° 0.® 


Benzylmer curie Compounds. 

Benzylmercuric chloride 7 is obtained as follows * 

I. To a solution of 23-8 grams of benny! magnesium chloride in 
100 grams of ether, 46-7 grams (1-1 mols.) of finely powdered mercuric 
chloride are slowly added with good shaking. Until the reaction is 
limshed the temperature is maintained below 45" C., and the reaction 
mixtme then allowed to stand for twenty-four hours. It is then boiled 
for two h °urs, decomposed by ice and dilute sulphuric acid 
filtered and washed with water, not exceeding 80" ('. The residue is 

SLWSj?" *”* or ^ vSS Jt 

* Steinkopf, AnnaUn , 1917, 413, 329. 

2 Hilpert and Griittner, Ber., 1915, 48, 906. 

! S°? e i an ^ Gibson > Tran *- Ohen. JSoc.] 191*2, 101 735 
ktemkopf, loc. tit. ; Hilpert and Griittner, he, tit 
5 Runz, Ber., 1898, 31, 1528. 

! and Adams, Amer. Ghem. Bor., 1924 a6 27 ft ft 

Hilpert and Griittner, Ber., 1915, 48, 913. ’ 4 * " 
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-• iu it/y 1 I*" 1 '"' mill mercuric chloride > 

» ^ 

Th, .I.U.n.l. i, , . 

iirrumpHsrs whvtt ^tr+iN^lv In uh * . If jvm*K utfl, } i '‘-.and 
ride to form mercury dd.en/yM ’ h ,H ,,/ - vl "“W""* 

Til- ‘•"••V and i, m „ v 1 m- prepared l»v Method •« 
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The iodide may be obtained from the chloride or bromide by the 
action of potassium iodide, or by treating cyclohexyl iodide with sodium 
amalgam It has a similar solubility to the bromide, is sensitive to 
light, and crystallises in plates, M.pt. 143° C. 

Treatment of the above halides with silver oxide yields the hydroxide 
a strong base, which decomposes when heated. 

-p su ty^id e is. a pure white powder, deposited when a rapid stream 

oi hydrogen sulphide is passed into a pyridine solution of the bromide 
at ™r° left in a . moist state i1: soon decomposes. 

1 1 c y a/} tide crystallises from alcohol in sparkling leaflets, melting at 
144 U, and is sensitive to light. 

4-Methylcyclohexylmercuric chloride forms spangles, sub- 
liming at 163° C. ; the bromide has M.pt. 142° C., iodide , M.pt. 176° C., 
cyanide , M.pt. 100° C., and hydroxide , M.pt. 110° to 115° C. I 2 are also 
known. 

Naphthyl Compounds. 

a-Naphthylmercuric chloride is prepared by boiling an acetone 
or alcoholic solution of mercury di-a-naphthyl with mercuric chloride, 
filtering, and precipitating the chloride with water. 3 It crystallises in 
quadratic plates, M.pt. 188° to 189° C., and its acetone solution with 
sodium iodide yields the corresponding iodide. It is moderately soluble 
m alcohol or benzene, but insoluble in water. 4 

a-Naphthylmercuric bromide may be prepared from mercury di- 
a-naphthyl either by the action of bromine, or by heating it with mer- 
cunc bromide in alcoholic solution for one hour at 120° to 130° C. 5 6 
Naphthyl magnesium bromide and mercuric bromide give the same 
product. 3 The compound crystallises in glistening needles or plates, 
m.pt. 202 L., insoluble m water, easily soluble in alcohol, chloroform, 
benzene, or carbon bisulphide. 

ivr V^oF^ jlt ^ e l C ^ ric crystallises in rhombic columns, 

M.pt. 185-5 to 186 C., and is obtained from the chloride as described 
f * * ror P ^^c^y di-a-naphthyl by the action of iodine in carbon 

bisulphide solution. . It is insoluble in water, slightly soluble in cold 
a co 10 I or ether, easily soluble in hot alcohol, chloroform, benzene, or 
carbon bisulphide. When strongly heated it decomposes with separa- 
tion of carbon, and heated with soda lime yields mercuric oxide, iodine 
and naphthalene. Its alcoholic solution treated with sodium amalgam 
gives mercury, hydrogen iodide, and mercury di-a-naphthyl. 7 

a-Naphthylmercuric acetate is prepared as follows 

1. Mercury di-a-naphthyl is treated with an excess of glacial acetic 
acid and the mixture heated until complete solution is obtained, then 
the whole poured into water. The precipitate, which contains the 
acetate and naphthalene, is filtered off and washed with water, then 
crystallised from hot alcohol, in which the naphthalene is less soluble 
than the acetate. 

I Kursanov, Cham. Zentr., 1899, ii. 477. 

I Tiffeneau and Gannage, Bull. Sci. Pharmacol ., 1921, 28, 7. 

8 391 teink ° I>fj Annalen, 1917, 413, 330 ; see Matsumiya, Mem . Coll Bci. Kyoto , 1925, 

4 Otto, J. pralct. Ghem ,, 1870, [2], 1, 185. 

6 Otto, Annalen , 1870, 154, 188. 

6 Hilpert and Griittner, Ber, 1913, 46, 1686. 

7 Otto, he, cit. ; Otto and Mories, Annalen, 1868, 147, 164. 
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2. 1 Thirty grams of pure dry mercuric acetate are intr^i i • 

!>y r t z ! — “KSrfer s 

product crystallises on cooling. If the reaction product before steam 

instead o?the acetete. ^ CW ° ride ’ the chloride is Gained 

!*Jr e aC u et f e Cryst f lb T S . fr ° m alcoho1 in colourless needles M.pt 
154 C., which are insoluble m water, slightly soluble in ether, and easily 

b?sufphide h0t aCCtlC aCld ’ alcoho1 ’ benzene, chloroform, or carbon 

It reacts with hydrochloric or hydriodic acids, giving acetic acid 
naphthalene, and a mercuric halide ; four atoms of iodine react Uviim 

thel aC l i mer ?K C i0did ?:, and icdonaphthalene; sodium amalgam on 
the alcoholic solution yields mercury, acetic acid, and naphthalene ; 
alcoholic hydrogen sulphide or ammonium sulphide at 100“ C. break 
leiie COmP ° Ulld d ° Wn int '° acetic acid > mercuric sulphide, and naplitha- 

The formate, is an oil, and the butyrate forms fine, glistening, rhombic 
piisrns, melting about 200 C., almost insoluble in cold water, moderately 
soluble in hot water, alcohol, or butyric acid. 

The nitrate is prepared by the interaction of silver nitrate and a- 
11 aphthylmercun c chloride in alcoholic solution, 2 or from mercury di- 
a-naphthyl and nitrogen trioxide. It crystallises in small white nee"dles. 

The thiocyanate occurs as white plates, soluble in hot alcohol or 
benzene ; the sulphide has only been obtained as a white precipitate. 


Thienyl Compounds. 
2-Chloromercuri thiophene, 


l^/tagci 

s 

In order to prepare this derivative, 10 parts of thiophene in 100 parts of 
spirit are mixed with 1000 parts of a cold saturated solution of mercuric 
chloride and 200 parts of a 33J per cent, solution of crystallised sodium 
acetate. In four or five days the precipitate is filtered off and the 
filtrate deposits further crystals. The residue is washed with cold 
water, boiled with spirit, and filtered through a hot-water funnel, the 
chloride crystallising out on cooling. 3 

The above method of preparation yields a mono- and a di-mercurated 
thiophene ; the latter is very insoluble in the usual solvents, so that the 
monorcompound is removed by means of hot alcohol. 4 2-Chloromercuri 

1 Dimroth, Bar., 1902, 35, 2032. 

2 Otto, J. %)rahl. Chem., 1870, [2], 1, 185. 

3 Volhard, Annalen , 1891, 267, 176; Steinkopf and Bauermeister, Annalen, 1914, 
403, 59 ; Finzi, Gazzetta, 1915, 45, ii. 280 ; Steinkopf, Annalen , 1921, 424, 23. 

4 From 85 grams of thiophene Steinkopf obtained in six days 217 grams of mono* 
compound and 18 grams of di-compound, but the author finds that a considerable increase 
in yield may be obtained if the liquors be allowed to stand for six months after the first 
batch of crystals has been removed. It may also be prepared by treating mercury 2 : 2'~ 
thienyl in acetone solution with mercuric chloride, Yield 89-4 per cent. 

vol. xi. : 1 . 
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thiophene crystallises in white, silvery plates, M.pt. 183° C., somewhat 
volatile, commencing to sublime above 100° C., subliming rapidly at 
210° C. ; in large quantities this process is accompanied by decomposition. 
With sodium iodide in acetone solution it yields mercury 2 : 2'-dithienyl 
and the corresponding iodide. With mercuric bromide or iodide the 
corresponding 2-halidemercuri thiophenes are obtained. 1 

When boiled with arsenic trichloride in toluene for six to seven hours 
dithienylchloroarsine and thienyldichloroarsine 2 are obtained. 

Thienones are formed by heating the chloride with the chlorides 
of the following acids: acetic, benzoic, o-toluic, p-toluic, p-nitrobenzoic. 
The chloromercuri thiophene appears to be a catalyst in these reactions. 

2-Bromomercuri thiophene, obtained from the chloride by action 
of mercuric bromide, crystallises from toluene in glistening plates, M.pt. 
169° to 170° C., somewhat easily soluble in acetone, with difficulty in 
cold alcohol, chloroform, benzene, or carbon bisulphide. 

2-Iodomercuri thiophene may be prepared in a similar manner to 
the bromide, or by treating an acetone solution of mercury 2 : 2' -di thienyl 
with one molecule of sodium iodide. It crystallises in shining, silvery 
plates, melting at 117° C., insoluble in water, not easily in hot alcohol or 
cold benzene, readily in hot benzene or cold acetone. Since the iodide 
is affected bv sunlight, turning red, all the operations in connection with 
its extraction should be carried out in absence of sunlight. It reacts 
with thallic chloride to give thallous chloride and 2-chloromercuri 
thiophene. 3 

2-Thiocyanatomercuri thiophene is obtained from an acetone 
solution of 2-chloromercuri thiophene by treatment with 1 mol. of 
sodium thiocyanate. The mercury-2 : 2'-dithienyl is filtered off and the 
thiocyanate precipitated from the filtrate by water. It crystallises 
from toluene in glistening plates, melting at 179° to 180° C. It is easily 
soluble m acetone, sparingly in cold alcohol, ethyl acetate, benzene, or 
toluene, insoluble in water. 

2:5 Dichloromercuri thiophene is obtained as a by-product in 
he preparation of the monomercurichloride, or bv treating the corre- 
sponding acetate solution with sodium chloride. It is a white powder 
insoluble m all indifferent solvents, not easily attacked bv acids, even 
concentrated nitric acid, and is unaffected by aqueous alkalies. When 
boded under reflux with aqueous bromine for one hour it yields a mixture 

• ,5 ^ • tetrabrom o thl °phenes, but warmed with aqueous iodine 
only di-iodothiophene is obtained. 

5 -Chloromercuri -2 -chlor othiophene , 


I ~| 

Cl' v yH g 01 

S 

1 IlL r fJ ared i 5- the USUal way from 2-chloro thiophene and mercuric 
M.pt. -18 to 219 C., and has the usual solubility. Traces of a dinner- 

deSmpoSm at 278 ° to 280 ° C wfth 

I § te i n kopf, Amiakn, 1917, 413, 310. 

» r ; ■ Finzi ’ GazzetLa > 1915, 45 , ii. 280. 

Goddard, Trans. Chem . Soc., 1923, 123 , 1169. 


MHRCUKY. 99 

The corresponding bromide (onus line whip, crystals M „l kvi-w' 
1111111 ,ldu< ‘ m ‘ solution, and is obtained by treatin'’’ a'n aeelom'h Y I ;1 * ']■ 

'""■irii i;-'"" 1 ;'""'--'-'' 

Hu iodide is tunned Innn the ehluride bv treatment , r 

mdide in acetone solution. It crystallises in whit . r i • 1 S<>1 , 1,1111 
whieli melt a, .20'tol^' ('. with ' T?s E sS 

soluhh m ethyl acetate or acetone, somewhat soluble in alcohol k t * X 

lim!' 0 ,,ni V; n ' r r U ' ,,,m , .’ is ’ tl| I ’. ll , i<U ' tiu ‘ insoluble in Ivltel^it 

finds to spbt o ,f mereurieiodnle when in solution. Jt 

a( .^t' <>r ?H!^t ri ' 2 ‘ b ??f^ ia ^ ene - Vi, ' 1<ls ,int ' < ‘>'vstals, mcltimr 

at { , It is not \ ery soluble m cold solvents with f h« 7* 

acetone The ho, nid,^ forms white, matt, si needles, M.pt. " 

; ' , V, , uls til, ‘ <‘*'.vstullisrs ill small white crystals from 

a eohol. M.pt. t It* ( easily solulile in carbon bisulphide ‘acetone or 
e bv ace ate, warm benzene, xylene, alcohol, or eblomldm V 
Nt*i is* 1 1 v t* t <i ! i « 4 1 it, becoming pale red * s 



;::z 

, V 2-todo-a-aeetntlueuone, and when reflux, si with iodine 

and water torn tew minutes until the iodine disappears, 2: S-di-od i7 

' to ••ryslals darken, u« at 170 is somewhat soluble in aVeloiu 
d ihuilth soluble hi carbon bisulphide, and practically insoluble in 
leobol or benzene. I lie mlide is partially decomposed when reerystal- 
J v \ !,> .‘ n,,d ! s u yellow, micro-crystalline body, M.pt nr 

5 -< ihlommerouri -2 -carboxyl -thiophene, 


is prepared in tin* usual maimer from thiopbene-2-earboxylie acid If 
oeenrs m two tonus , (,/} soluble in sodium hydroxide and ivprecipilntod 
In iliiute hydrochloric acid as a white, amorphous body, ami (l>) in- 
soluble m sodium hydroxide, but soluble in ammonium hydro.xide. nnd 

"»■" ^ 

asrrasra 

ymue. of 2-tm tbyl thiophene in 1,W e.e. of alcohol give H-(! mams of 
pro, ue! m thirteen hours.' It crystallises from alcohol in glistenin'., 
need!. . M.pt . 20 1 ('.* It is insoluble in water or ether, and with 
bcu/oj I chloride yields phenylthiofolyl ketone, 

5 4 ih loro mercuri** 2 « phenyl thkphem occurs m while*, irlistcnimr 
blabs, meltmt? at 2.'U V. and slightly soluble both in alcohol and in 
Orii/rfiC, 

V-tlhloromemiri -A- methyl thiophene is prepared from fl-thio- 
tohiene m the usual way. A imtm- and a di-»i,ratrtdrd compound result, 

* Sfrtfik**!*! instil AnmUn, I Ilf 4 , 401 f»i>. 

1 Vutlmrti n»v*’ I HI" V, ' 5 ' 
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the former crystallising from alcohol in white, bushy needles, the di-com- 
pound being insoluble in the usual organic solvents, and only attacked 
with difficulty by concentrated nitric acid. 

? - Chloromercuri -3 -isopropyl thiophene crystallises from not, 
alcohol in shining, long, white needles, M.pt. 137° C., soluble m ether, 
insoluble in water. A dichloro compound is formed at the same time 
as a white granular mass, insoluble in all solvents and very stable towards 
concentrated nitric acid. 

5 -Thiocyanatomercuri -2 -chlorothiophene. — The corresponding 
5-chloromercuri compound (3-5 grams) in 120 c.c. of acetone is treated 
with 0*8 gram (1 mol.) of sodium thiocyanate in 15 c.c.. ot acetone. 
Yield 2-9 grams. It crystallises from benzene or alcohol in glistening 
silver plates, melting at 187° C. after previously sintering. It is 
readily soluble in cold acetone, moderately soluble in cold alcohol or 
ethyl acetate, but readily soluble on warming, sparingly in hot benzene 
or ether. The thiocyanate may also be obtained from mercury 5:5- 
dichloro -2 : 2 7 -di thienyl by the action of mercury thiocyanate in acetone 
solution. On the other hand, if 2 mols. of sodium thiocyanate are used in 
the first preparation, mercury 5 : 5'-dichloro-2 : 2'-dithienyl is isolated. 1 

5-Thiocyanatomercuri-2-bromothiophene crystallises from ethyl 
acetate in small, warty aggregates, M.pt. 187° to 188° C., easily soluble 
in pyridine, sparingly in cold ethyl acetate or alcohol. If two molecules 
of sodium thiocyanate be used, mercury 5 : 5'-dibromo-2 : 2'-dithienyl, 
M.pt. 182° to 183° C., is formed. , 

5 -Thiocyanatomercuri -2 -iodothiophene. — It was found im- 
possible to isolate this compound in the pure state using the 5-iodo- 
mercuri derivative, so that the preparation was conducted as follows : — * 
Three grams of mercury 5 : 5'-di-iodo-2 : 2' -dithienyl and 1*54 grams of 
mercury thiocyanate in 250 c.c. of acetone were heated to boiling. The 
liquid on filtering deposited 1-1 grams of substance, and a further 2*8 
grams were thrown out by the addition of water. The product yielded 
crystals from nitromethane solution, M.pt. 173° C., easily soluble in 
warm acetone or cold pyridine, sparingly in cold nitromethane or broino- 
benzene, readily on heating. In alcohol, benzene, or xylene it is only 
sparingly soluble. 

5-Chloromercuri-2-n-propylthiophene. — A mixture of 193grams 
of mercuric chloride, 38 grams of sodium acetate, 450 c.c. of alcohol, and 
3 grams of n-propylthiophene after six days deposits 6*2 grams of crystals. 
Yield 72 per cent. The crystals from benzene melt at 155° C., are easily 
soluble in pyridine, warm alcohols, benzene, or toluene, sparingly in 
warm ether. 

5 -Thiocyanatomercuri -2 -n -propvlthiophene is readily obtained 
from the above compound in the usual manner. It crystallises from 
toluene in silvery plates, M.pt. 169° to 169*5° C., easily soluble in cold 
acetone, fairly soluble in benzene or toluene, sparingly in alcohol. 

5-Chloromercuri-2-isoamylthiophene is obtained in 75 per cent, 
yield after the reaction mixture has stood for four days. It crystallises 
from benzene in fine needles, M.pt. 171*5° to 172° C., readily soluble in 
cold acetone or warm ether, sparingly in other cold solvents. If treated 
with sodium iodide it yields mercury 5 : 5'-di-isoamyl-2 : 2'-di thienyl. 

5 - Thiocyanatomercuri - 2 - isoamylthiophene forms glistening 
crystals, M.pt. 199° to 200° C. 

1 Steinkopf, AnnaUn, 1921, 424, 36, 
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5- > Ghloromercuri-2-benzylthiophene is obtained in 80 per cent, 
yield in four days. It yields small, snow-white crystals from toluene, 
M.pt. 189° to 191° C., having the usual solubilities. It does not yield a 
thiocyanato compound, but mercury 5 : 5 / -dibenzyl-2 : 2'-dithienyl is 
formed instead. 

5 -Thiocyanatomercuri -2 -methylthiophene is deposited as pure 
white, microscopic crystals from ethyl acetate. It decomposes at 202° 
to 204° C., and when crystallised from xylene it is partially decomposed. 
It is readily soluble in pyridine or acetone, and the following solvents 
when heated: alcohols, ethyl acetate, or xylene. When 2 mols. of 
sodium thiocyanate are used in the preparation a body melting at 203° 
to 204° C. is isolated. 

5 -Bromomercuri -2 -methylthiophene. — To prepare this sub- 
stance mercury 5 : 5'-dimethyl-2 : 2'-dithienyl (1*97 grams) and 1*8 grams 
of mercuric bromide in 100 c.c. of acetone are rapidly brought to the boil, 
then cooled in ico. The bromide is precipitated by the addition of water. 
Yield 3*5 grams. It crystallises from ethyl acetate in shining, white 
needles, melting at 179° to 180° C., and having the usual solubilities. 

5 -lodomercuri -2 -methylthiophene, prepared in a similar manner 
to the bromide, crystallises from alcohol in silvery needles melting at 
111 0 to 112° C. It is readily soluble in cold ethyl acetate or benzene, 
less so in acetone unless heated. 

5 -Chloromercuri -2 -ethylthiophene may be crystallised from 
alcohol ; M.pt. 147° to 148° C. Yield 81 per cent. 

5 -Thiocyanatomercuri -2 -ethylthiophene yields small plates from 
benzene ; M.pt. 167*5° to 169° C. 

5 -lodomercuri -2 -ethylthiophene, prepared from the chloride 
using rather more than 2 mols. of sodium iodide in acetone solution, 
crystallises from much alcohol in silvery needles melting at 96° to 97° C., 
affected by light. 

(2 or 5) ?-Thiocyanatomercuri-3-methylthiophene yields small 
crystals from benzene, melting at 169° C., sparingly soluble in acetone 
in the cold, easily when heated, but only sparingly in warm benzene or 
toluene. 

5-Hydroxymercuri-2-acetoxymercuri thiophene occurs as hair- 
line needles, M.pt. 270° C. It is obtained from commercial benzene by 
boiling it with mercuric acetate. One kilogram of benzene, 40 grams of 
mercuric acetate, 300 c.c. of water, and 40 grams of acetic acid after 
boiling under reflux for thirty minutes give 32 grams of compound. 1 
It is only soluble in acetic acid, from which it crystallises as the diacetate ; 
dry distillation with concentrated hydrochloric acid yields thiophene and 
mercuric chloride. 

3 -Chloromercuri -2 -hydroxy -2 :3-dihydro-2 : 5 -dimethyl thio- 
phene mercuric chloride, 2 

HC jCH.HgCl 

i * HgCl 2 

CH 3 C ^ / , C.CH 3 OH 

s 

This compound is derived from 2 : 5-dimethylthiophene in the usual 

1 Diinrotk, Ber. t 1899, 32, 758 ; Schwalbe, ibid., 1905, 38 ; 2208. 

2 Steinkopf, Annalen , 1921, 424, 23. 
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manner. It forms white crystals, M.pt. 186° to 187 G., insoluble in 
water, difficultly soluble in ether, cold alcohol, chloroform, or benzene, 
easily soluble in acetone or warm solvents. _ . 

3-Chloromercuri-2 : 5-dimethylthiophene is contained m the 
mother-liquors from the above compound, and may be precipitated by 
the addition of water. It crystallises from alcohol in silky needles, 
M.pt. 156° to 157° C., insoluble in water, easily soluble in acetone or 
warm alcohol. It is also formed when the preceding mercuric salt is 
boiled for a long time with a little alcohol. The thiocyanate crystallises 
from benzene in snow-white crystals, M.pt. 177° to 177*5 C. 

The corresponding iodomerew'i compound is obtained by treating the 
above chloride in acetone solution w T ith sodium iodide. It crystallises 
from benzene in white, glistening needles, M.pt. 175° C. 

2-Chloromercuri-3 : 4-dimethyl thiophene occurs as white 
needles, M.pt. 137° to 138° C., easily soluble in warm benzene, chloroform, 
or cold acetone, slightly soluble in water. The crude product obtained 
in this preparation gives a residue insoluble in boiling alcohol and 
in the usual organic solvents. It is 2:5- dichloromercuri -3 : 4- 
dimethyl thiophene, which does not melt at 270° C. 

The corresponding 2-iodomevcuvi compound is prepared iron), acetone 
solutions of the chloride and sodium iodide. It gives yellowish plates 
from benzol, M.pt. 142° C., easily soluble in acetone, carbon bisulphide, 
chloroform, or warm benzene and toluene, sparingly in alcohol. The 
thiocyanate compound, recrystallised from alcohol, melts at 178 to 
179° C. 

5-Ghloromercuri-2 : 3-dimethylthiophene, 


Me^HgCl 

S 

may be prepared from 140 grams of mercuric chloride solution, 30 grams 
of sodium acetate solution, 140 grams of alcohol, and 2 grains of 2:3- 
dimethylthiophene. A yield of 6 grams (97 per cent. ) is obtained in live 
days. It crystallises from benzene in matted crystals, M.pt. 213° to 
214° C., easily soluble in cold pyridine or quinoline and sparingly in 
acetone unless heated. No dichloromercuri compound is obtained. The 
thiocyanate derivative forms matted crystals from much ethyl acetate, 
decomposing on heating at about 240° C. 

5 - G hi or om er cu r i - 4 - h y d r oxv - 4 : 5-dihydro-2 : 4-dimethylthi- 
ophene mercuric chloride, 


iMe.OH 


.HgCla 


Me\^/HgCl 

S 


A saturated solution of mercuric chloride (204 grams), 54 grams of 33 
per cent, sodium acetate, 240 grams of alcohol, and 3*0 grains of 2:4- 
dimethylthiophene are allowed to stand for fifteen hours, when 1 2*7 grams 
of precipitate are collected. Yield 02 per cent. It forms line crystals 
from benzene, M.pt. 167° to 168° C., and has the usual solubilities. 

5-Chloromercuri-2 : 4-dimethylthiophene. — When 41 grams of 
the above compound are boiled for thirty minutes with 500 c.c. of alcohol, 
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- rams . , . ,! !' rud, , u ; t , ar( ' «*»>tai»c<l, the till rale yielding unchanged 
nu'iynru* (;hU>rt(li* atlthl .on product. After two crystallisations the body 
nu-lls at Ids to tod It is readily soluble in cold acetone, moderately 
s V in , "! T' h< "‘ 1 ^sulphide, spangly in cold benzene, ethyl acetate or 
alcohol, but easily soluble on heating With sodium thiocyanate (2 
morvl in acetone solution,, it yields hutch ry 2 : 4 ; 2' : 4'-tetramethvl- 
r> : ■> -dithienyl. The eorresj Hindi njr thioct/miata compound is crystallised 
trom alcohol, suiters at 170 and melts at 173° to 175° C. It is only 
sparingly soluble in the usual solvents in the cold and not very readily 
on lira t no*. J 

A-ChIoromercuri-2 : 5-diphenylthiophene f 

j (HgCl 

./ ! C',d I;» 


In order to prepare this substance 2 : 5-diphenylthiophenc (.1-4 grams) in 
MM r ; r * alcohol is I rented with 50 grams of saturated mercuric chloride 
solution and 10 grams of m per cent, sodium acetate solution, and after 
twelve days a tHi gram or II per cent, yield is formed. The reaction 
cun he made quantitative by altering the above quantities to 4 grams of 
tin* thiophene in too r,e, of alcohol, UK) grams of sublimate solution and 
2H grains of acetate solution, and boiling the mixture for two and a half 
hours. The whole is littered, washed with a little cold alcohol, and re- 
erystallised from \yleite. It forms mailed crystals, melting at 221° to 
222 i readily soluble in acetone or in hot xylene or toluene, sparingly 
in cold bru/rur, chloroform, or alcohol. It is transformed by sodium 
thiocyanate |2 mots, } in acetone, to mercury 2:5:2' : 5 ' -tetraphe ny 1 - 
**$ ; d'iHnenyb The latter substance with mercury thiocyanate in 
undone is cum cried into the *A”thi<H\tj<nuttumm'uri derivative, which 
sinters at hsu to gun ( but remains black and uumelted at 205° C. 


Dihyilroxutphthulcne Compounds. 

2- Ac etoxy mereiiri-.i -hydroxy -let rally dronaphthalene, 1 

HU, 

I / pUIgOAe 

1 J yen. tin 

('ll, 

A mixture of napht baleue and tliliy dronapht hnlene is dissolved in ether 
and shaken with an aqueous solid ion of mercuric acetate. After twenty - 
four hours long needles id’ the acetate separate. It may he retry stal- 
Itsrd from I #t -in /me or ligroin, the product melting at 122° C. It is 
st tin I *l«* in potassium hydroxide, and if potassium bromide be added and 
carbon dioxide passed in, the hmmitU* is precipitated. It crystallises 
from be I » /.e fie in glistening crystals, M.pt. 151) (h The corresponding 
itniulr is prepared from the acetate by treatment with potassium iodide, 
mat %\ litui cry stnllised from benzene melts at 150“ (.1, turning red. All 
the aho\e salts mv decomposed by 00 per cent, hydrochloric acid, 
naphthalene-free diliydmnaphthaiene being regenerated. 

1 SmhI hip! iU-nmh r* H*r, t 36, MW. 
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Mercury Derivatives of Aromatic Compounds containing Halogen , 
Nitro, or Sulphonic Acid Groups . 

In the case of halogen-substituted hydrocarbons it lias been found 
that the sulphinic acid method of introducing the mercury gives the best 
results, 1 and it is preferable to methods of direct mercuration using 
mercuric acetate at high temperatures. 

p -Chlorophenylmercuric acetate. — p-Chlorobenzene sulphinic 
acid, prepared from p-chloroaniline by Gatterman’s method, is dissolved in 
glacial acetic acid, and a solution of three molecular equivalents of mercuric 
acetate in the same solvent added, and the whole boiled for fifteen 
minutes. The sulphinic acid is completely converted to the mercury 
compound, and is obtained by filtering the reaction mixture, and pre- 
cipitating with water. Yield 70 per cent. The acetate is a white, 
crystalline solid, M.pt. 193° C., which yields pure p-chloronitrobenzenc 
when treated with concentrated nitric acid at 65° C. for ten minutes. 
A suspension of the acetate in 10 per cent, aqueous potassium bromide, 
when treated with a slight excess of 10 per cent, bromine in 10 per cent, 
potassium bromide and shaken for one hour, yields p-chlorobromo- 
benzene. 

p- Chlorophenylmercuric chloride is obtained by treating an 
alcoholic solution of the acetate with 10 per cent, sodium chloride. 
It is a white solid, M.pt. 225° C., and may be crystallised from alcohol. 

p-Bromophenylmer curie acetate, a white crystalline solid, M.pt. 
196° C., is prepared as the chloro compound. It may be converted by 
nitric acid to p-bromonitrobenzene, and by sodium chloride to the 
corresponding chloride, M.pt. 250° C. 

p-Iodophenylmercuric acetate, which melts at 191° C., is also 
known. The mercury may be replaced by bromine in potassium 
bromide solution, giving a bromo-iodobenzene. 

o -Chlorophenylmercuric acetate is a white, crystalline solid, 
M.pt. 115° C. ; the corresponding chloride melts at 145° C. 

o-Bromophenylmercuric acetate may be prepared in the usual 
w r ay. It melts at 124° C. ; the chloride melts at 155° C. and sublimes at 
100° C. It yields o-dibromobenzene when treated with bromine in 
acetic acid solution. 

. . Pn Ghl ° r0phenyl ^ nercuric acetate is a white solid, melting at 
133 C. It is soluble in alcohol, glacial acetic acid, benzene, or acetone, 
and slightly soluble in ether. The chloride is best recrystallised from 
alcohol and melts at 210° C. 

m - Br omophenylmer curie acetate is a white, crystalline solid, 
melting at 160 C. The chloride melts at 190° C. and yields m-dibronio- 
benzene by the usual treatment. 


Derivatives of Nitrobenzene. 

as fol'bws r - henylmerCUriC Chl0ride ’ NO > .C a H 4 .HgCJ,» is prepared 

1. Mercuric acetate, together with five times its weight ol‘ uitro- 
1 Hanke, J. Amer. Ghem. Soc 1923, 45 , 1321. 

J. l^CMoc. \m, 3 43,m 2! Anmkn ’ ^ 446 ’ 148 : KWasdl ^Ikley, 
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hems nr, in h» -att'il m an oibhath to L*0 ' V. until a test purl ion treated with 
dilutr sodium h\ dioxide does not give a precipitate of memoir oxide. 
When the mass is molt'd a .small quantity ((H! per end. ) of memoir 
aeetate crystallises tad, and the mixture is littered, the filtrate bring 
decomposed. in sodium chloride, anti steam distilled. After cooling, a 
st^iitis obtained which is dried anti extraeted with ligroin, from which 
s< >1 vent pale yellow needles are deposited, several reery stallisat ions from 
aeet ie arid gi\ mg small, yellow ish plates, M.pt . IS 1 to bS2 (\ (Dimroth). 1 * * 

/-*; *hhr startim* materia! in this preparation is o-nitrohen/.enc sub 
jihime arid, whieh may he prepared from o uitroaiulmc hv the din/o- 
reartiom Two prams of this aeid in 2U e.e. of alcohol are added to 
d grams of mereurie chloride in a mixture of ‘it! e.e. of aleohol and ‘JO e.r. 
of wafer, and the resulting solution boiled for forty -live minutes, Tlie 
precipitate is extraeted with aeetone. the solvent ’evaporated, and the 
residue erystallised from UP per end. alcohol, when faint yellow crystals, 
>l.pt, IHP i\ feorr. }» are obtained. \ ield ft prams (7S percent,)* * 

1 he chloride is wry solubles in ueetuiie, soluble in hoi aleolioj or 
i. " 1 1 1 * ■’ i% onh slit* fitly soluble in water* \\ hen treated with bromine in 
potassium bromide for two hours on a shaking machine* and then 
extmeteil with ether* u-hroinonit ruben/ene* M.pt . Id to ,pj ‘ (‘„ j s 
obtained, which slows the mercury to he in the" ortho position to the 
nil la * group, ^ No mereurie sulphide is obtained when the efiiorkle is 
anted upon by ammonium sulphide, hut when boiled with hydro- 
ehlorie aeid uitrobeu/ene results. During the direet mrmoalion of 
tut robm/me* mrrnirtf a t/ iiiniinuU phrntjL M.pt, go<» (*., is also formed/ 4 
m-NitrophenylmereurJe chloride* Might prams of the sodium 
salt of in nit rolnm/enr sulphiuie aeid in 10 e.e. of water are added to 
21 prams of mereurie chloride in 100 e.e, ot aleohol, and slightly more 
glacial aeetie aeid added than is required to liberate the sulphinie aeid, 
after whieh the mixture is boiled for twenty hours. Extraction of the 
residue with aeetone and merest allisat ion from alcohol gives white 
ery stats, melting at 2 mi to 207 (A Yield ?r? prams pp/ per mil,), 
The compound is less soluble in aeetone or aleohol than the ortho 
detn at he, 

p - N if roplienylmerciirie rhliiridr is prepared in a similar manner 
to tire ml ho nan pound, but the yields are ver\ poor, even after fifteen 
hours boding, It erystallises troin aleohol in eolouiiess erystnls* M.pt. 
2do ' togOU i'. (eeUT. } with deei imposition. 

i * 4 : t> -'I ri nit rophenyl mercuric chloride* CJ I.*(NU,,) ;| Jigl’b 
melting at 202 ( „ is obtained by heating 2 ; I : U : 2 # : 4' ; rf-hexunitro- 
diphenyl with alcoholic mereurie chloride, When treated in aqueous 
suspension with iodine in potassium iodide solution it yields 2:4: ib 
triuitro-iodoi.ieu/ette* 9 

Derivative** of NltrotolueneH. 

Ortho and puuirobiliienes are readily converted to mereury deri- 
'alive* when boiled with mereurie oxide in the presenee of sodium 
h> dmxide, the iiirfal in the compounds entering the side chain under 
these renditions,. The derivatives of p uifrotoluene and 2: 1 dmitne 

1 S;»- Ihmtuh, J fugil, 446, MS; Jurgen*, for* trm\ du'w.* JtHJrt, 45, Hi, 

' W * twill Jurgen*, A hut, H'rkmth, d nitt m , !1I22» M), luTi* 

4 Kteirttsefi* Am*r, t hem, Hm« i f 1 2 1 # <fj t 
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toluene, however, are very difficult to obtain in the pure state, but 
o-nitro toluene yields two well-defined compounds. 1 

o-Nitrobenzylmercuric chloride, NO 2 .C 6 H 4 .CH 2 JIgCl , yields 
colourless needles, M.pt. 145° to 146° C., easily soluble in acetone or 
benzene, with difficulty in alcohol or ether; from its solutions in caustic 
alkali it is precipitated by acid. 2 

o-Nitrodimercuribenzylidene oxide or anhydride of o-nitro- 
benzal dimercuric hydroxide, 

/Hg\ 

no 2 .c 6 ii 4 .ch< >o 

The mercuric oxide obtained from 297 grams of mercuric chloride by 
treatment with cold sodium hydroxide is well washed and added to a 
solution of 44 grams of sodium hydroxide in 2500 c.c. of water and the 
whole heated to boiling under a reflux condenser, bumping being pre- 
vented by passing in a current of air. o-Nitrotoluene, 75 grains, is then 
added in small portions, the operation taking nine hours, and the whole 
is then boiled for 1*5 hours. From this mixture 291 grams of crude, dry 
oxide are obtained, yield 96*4 per cent. When hydrochloric acid is 
added to the mother-liquors 5*2 grams of crude o-nitrobenzyhncrcuric 
chloride are precipitated. The crude oxide is dissolved in acetic acid, 
and precipitated by adding excess of sodium hydroxide, when dark 
yellow, crystalline masses are isolated, M.pt. 220° C. 

The oxide is partially decomposed by hydrogen sulphide into mer- 
curic sulphide and o-nitro toluene, and by zinc dust and sulphuric acid 
it is reduced to o-nitro toluene and mercury. When heated with nitrous 
acid it gives o-nitrobenzaldehyde, which is also formed together with a 
small proportion of o-dinitrotolane, N0 2 .C 6 H 4 .C=C.C 6 H 4 .N0 2 , by boil- 
ing with nitric acid. The oxide, when treated in the cold with nitrous 
and hydrochloric acids, yields approximately molecular proportions of 
o-nitrobenzaldehyde and its oxime, the dinitrite formed by the nitrous 
acid being converted into the oxime by the hydrochloric acid, via a 
hypothetical nitroso derivative : 


NO 2 . C e H 4 . Cl I ( HgN O 2 ) 2 + 2TI Cl =HNO a +H a O+NO,.C 0 II 4 .C(NO)(HgCI k 
NO a .C fl H 4 .C(NO )(ITgCl ) 2 +2HC1 =N0 2 .C 6 H 4 .CH =NOH +2lIgCL 
2NO 2 . C 6 II 4 . CM =NOH + 4I1N O 2 ™ 2N O 2 . C 6 H 4 .CHO + 4N 0 -| N ,»0* | B 


BIUO 


The oxide is in general very stable towards acids and alkalies, but 
when boiled with 20 per cent, hydrochloric acid it is transformed into 
anthranil. Treatment with chlorine in presence of an excess of hydro- 
chloric acid gives o-nitrobenzylmercuric chloride, and bromine and iodine 
yield the corresponding halides. 

The following salts have been prepared 

Sulphate , N0 2 .C 6 H 4 .CH =IIg 2 =S0 4 . — Forms pale yellow, broad 
needles or plates, giving with sodium hydroxide the free base, and on 
boiling with water an orange-yellow, basic sulphate, (N0 2 X c H 4 .CH(Ilg 
°H)Hg) 2 S0 4 . 

Chloride , a pale yellow, amorphous compound, formed by adding di lute 

1 Reissert, Bcr., 1907, 40, 4209; German Patents, 182217, 182218; see Burton, 
Hammond, and Kenner, J . Ghem. Soc., 1926, p. 1802. 

3 For preparation, see oxide, below. 
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hydrochloric acid to the bast*, and when boiled for l*d hours with sodium 
chloride* solution, it is converted into a yellow hvdroxvchloride 
NO,.i , „H l .( , IUIl«rn).JIjr()II. * ‘ 

pale* yellow, by triturating the base with dilute nitric* acid, 
A by mixing tin* base with water, shaking with sodium nitrite*, 

then with 10 per cent, sulphuric acid. 

p - N it robenzy 1 mercu ric chloride has only beam obtained in an 
impure state by the* above method, the product being converted into 
p-nit robeu/oie acid when t nailed with dilute* nitric* acid, 

2 : •l-Dinitrodimercurihenxylulene oxide. Dinit roioluene (IS-2 

grams) and of -2 grams ot inereurie chloride* are* dissolved in 000 e.e. of 
absolute alcohol, and to the* solution UPS grams of sodium in 270 e.e. of 
absolute alcohol art* quickly added, whilst the solution is rapidly stirred, 
A brownish -red. voluminous precipitate immediately separates, this being 
filtered off, washed with alcohol, then boiled several times with water 
to remtoe hydrochloric acid, Meld 58 grams, 'Hu* product thus 
obtained is ditheult to purify. When treated with hydrogen sulphide or 
10 per cent, hydrochloric acid it yields 2: t uiiuit rotolmunx and with the 
former reagent mere*urie sulphide in addition. Concentrated nitric acid 
oon\ erts it to 2 ; 1-diuit rohcu/oic arid, 

AH hough in the preceding compounds, formeel by the interaction of 
idt rot olucnes and mercuric oxide* in hot sodium hydroxide solution, the* 
mercury enters the side chain, it has recently been shown 1 thill the* 
mercury enters the* nucleus when mercuric acetate* ami nifrotoluene arc 
heated foget her at 110 C, 

1 -Cldoromereuri-2~nitrotoluene. One pari of mercuric acetate 
and t parts of o uitrotolueuc are gradually heated with occasional 
shaking. The inelt becomes orange -fed at 110 let 120 (A and liquefies 
to a pah* yellow solution as Hu* temperature rises, A temperature of 
1 10 to l.7o C, is maintained until a test indicates the absence of mercury 
ions (alter about Jour hours). Alter t welv e hours a brown solid consist tug 
mainly of mercurous acetate separates, and the clear solution is poured 
into a large volume of ether ami left for t went} four hours. An amor- 
phous solid is deposited which consists of poly mereuri compounds, and 
contains no monoaeetoxy mereuri derivatives. The ether is removed, 
the solution treated with sodium chloride solution, and excess of mt ro 
toluene removed in steam, The heavy, colourless product obtained is 
broken up and dried. It is first extracted with ether in a Soxhlef 
apparatus* to remove any o mf mf oluene, t hen ivcry.xtailised twice from 
hot acetone, t he ehh»r« unetvun compound being deposited in silky 
needles, melting at 22m 5 to 221 i\ (eonx K If is sparingly soluble in 
the usual solvents, except acetone and hot glacial acetic acid. With 
bromine in chloroform* or iodine it yields 4-hrnmn* or 4dodto2*niim- 
toluene respect ively. 

The i hrHwttma'i'nii compound is a crystalline powder, M.pt. 241 M (A, 
and the it nli, !r melts with slight dee* anposi lion at 28b" (*. 

The existence of 6 Hddoromercuri *2 -nifrotoluene has also been 

! i roved, 

5*Cdi!oremierruri - 2 * nitrotoluemu 2-Xitrntniucnc a sulphinie 
acid is boded with 5U per cent, aqueous alcoholic mercuric chloride for a 
week, any precipitate being periodically removed. The hitter is washed, 
dried, and extracted with hot acetone, from which the compound 
1 i vatey, J, i. ’firm* tSm\ t H*2U, |*» a, 77. 
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separates in small, felted, shining needles, M.pt. 210° C. Its solubilitl 
and general properties are similar to those of the 4-isomeride. 

S-Chloromercuri-S-nitrotoluene. 1 — The mercuration is carric 
out by the method described under 4-chloromercuri-2-nitrotolueri 
The crude product of mercuration is extracted with hot acetone, the 
chloro compound remaining undissolved. It crystallises from glaci 
acetic acid in colourless, feathery needles, M.pt. 294° C., which vie’ 
5-bromo-3-nitrotoluene by treatment with bromine in potassiu 
bromide solution. 

4-Chloromercuri-3 -nitrotoluene crystallises from the hot acetoi 
extractions described above. It forms pale yellow needles, sinterii 
at 207° C. and melting at 210° C. (corr.). It may be converted in* 
4-bromo-3-nitrotoluene. The presence of 6-chloromercuri-3 -nitre 
toluene in the mercuration products has also been proved. 

Pure products cannot be obtained by the mercuration of p-nitr 
toluene with mercuric acetate at 140° C., so that the derivatives ha'' 
been prepared from nitrotoluene sulphinic acids. 

2 - Chloromercuri -4 -nitrotoluene is obtained by boiling 
nitrotoluene-2-sulphinic acid with a 50 per cent, aqueous alcohol 
solution of mercuric chloride. The product is washed with 50 per cen 
alcohol, dried, and extracted with acetone, the compound separating oi 
in feathery needles, M.pt. 230° to 231° C. (corr.). 

3 - Chloromercuri -4 -nitrotoluene is prepared from the sulphin 
acid in the usual way. It crystallises in colourless needles, M.pt. 226° ■ 
227° C. (corr.), which may be converted into 3-bromo-4-nitro toluene. 

Derivatives of Aromatic Sulphonic Acids. 2 

Mercuration of p -toluene sulphonic acid. — The sulphonic ae 
(190 grams) is dissolved in 750 c.c. of water and 35 c.c. of acetic acid, ar 
the solution boiled and filtered. Mercuric acetate (320 grams) is treat< 
in exactly the same way and the two solutions mixed whilst boilii 
and boiled for one hour. A sample diluted with an equal volume 
water and treated with sodium hydroxide then gives a clear solatia 
and the mercuration is considered complete. The mixture is filter* 
whilst boiling, and the solid, 81 grams, rejected; the filtrate on coolii 
yields 135 grams of a crystalline product. This is extracted wi* 
water in a Soxhlet apparatus, a crystalline solid being isolated, which 
soluble in warm water, alkali, and salt solutions. When air-dried tJ 
formula corresponds to I. ; when dried over calcium chloride, II. ; ai 
dried in vacuo over phosphorus pentoxide, III. 


ch 3 

ch 3 

ch 3 

/yHgOH 

^HgOH 


1 1 
\/ 

1 1 
\x 

1 1 
\/ 

S(OH) 5 

SOJBC 

U1 

0 

1 

I. 

II. 

III. 


The mercury in these compounds may be replaced by iodine, win 
2-iodotoluene-4-sulphonic acid is obtained. 

1 Coffey, J. Chem. Soc 1926, p. 3215. 

2 Whitmore and Ekrenfeld, J . Amer. Chem . $oc., 1926, 49, 789. 
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Tlir follow inn Mihslaiuvs havt* also hcru itiercu rated, hut. analysis 
indicates that I hr product s an* mixtures : hrn/enr sulplumir arid amt its 
sodium salt, sodium p-bromobm/rue suiplumatr, p dm In hen/, cur sul • 
phtmir arid,. *2 : mdirhlorobcn/enr sutphonir arid, m-ni t robcnzenc sub 
phonic arid, tddui nr sutphonir arid and its sodium salt, sodium p- 
tolume sulphonatc, LMddorotohuaum*bsuIphonie arid, 'rite mrrou ration 
of tin* sotiium salts is a murh slower process than in t hr rase of the free 
acids. 


r v \y* ’ 

iSi" J. ■* !. , •- 



I 
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CHAPTER VII. 

MERCURY ( continued ). 

Derivatives of Aromatic Amines. 

Alt, the amines dealt with in the present chapter may he direct |y 
mercn rated by means of mercuric acetate, but it is impossible to predied 
how many mercury residues can he introduced into a given compound 
by comparing it with similar derivatives. This is clearly shown by 
comparing the chloro- and nitro-anilines. Whilst four different nectoxy . 
mercuri derivatives may he obtained from the ortho compounded the 
former, the meta compound only yields a triaeetoxy mercuri derivative 
and the para compound a moiK> me reu nited produet. o-Xitrunniline, 
however, gives a monomereu rated compound, and the* meta and para 
bodies yield mono- and di-mereu rated products. 

From the table on p. 112 it will be seen that when a ring-substituted 
aniline has the para position to the amino group unoccupied, mercury 
invariably enters that position. A similar statement holds for the* ortho 
position to the amino group, hut should these* two he filled, the mercury 
may enter the 0 position, if vacant. 

It is also interesting to note that when the amino group in aniline 
is substituted by basic groups, mercury compounds have* always been 
obtained having the metal in the para position to 1 he amino group, but in 
the ease of the esters of the a-anilido fatty acids, the? mercury always 
enters the ortho position to the substituted amino group, and in some 
eases the para position as well. 

In the ease of the naphthylamines, the u-eom pound yields a dinee- 
to xy mercuri derivative, but j8-naphthyhunine gives only a mono* 
mereurated product. 

The acetoxy merenri compounds formed above are converted to 
ehloromercuri salts by the addition of sodium chloride, and to the 
hydroxides by means of sodium hydroxide. When the amino group is 
not substituted, water may be eliminated between this group and the 
hydroxy merenri residue, yielding an anhydride, r.g. p«aminophenvl 
mercuric hydroxide is considered to exist as 

HN.C G H 4 .ng or Nil C e II t Tig 

In the ease of the esters of a-anilido fatty acids and iulylglyeine 
esters, the aeetoxymereuri compounds when saponified by sodium 
hydroxide, eliminate water between the hydroxy mercuri residue ami 
the carboxyl group, thus forming anhydrides of the type 

nh ch 2 

r/ I 

MIg— 0 CO 

no 
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The acetoxymereuri derivatives from aniline, substituted aniline 
and tnhmlme com pounds, when treated with aqueous sodium thio- 
Mdj.ha e Hive uiereuri-lns produets of the type H Jig, sometimes with 
the bn matioii ol a thiosulphate as an intermediate produef, 

Hllg.S 2 0.,Na 

are as Slows f f '<‘'>T<>un<ls in special cases 

1. ti-Aeetoxy niereuri-2 : t-diehloroanilinc with 
sulphate gn es iJ-mereuri-bis-g : t-dieldoronnilinc. 

2 . pA creuri-his-moimnudhylanilinc is formed from the oorre- 
s ponding hydroxide by tin* action of sodium sulphide, 

n. l>-Mereuri-bis-dimethylaniline may he obtained bv the preeedimr 
method, or rom p-lmmindimethyhmiliuo by the aeiion of sodium 
ama gain m the presence ,.f ethyl acetate, or from the ehlornmoreuri 
d< iivatne h\ the action ol metallic copper in pyridine solution. 

. u-.\ectt»\yuiercuri-p-brnmudimvthyhmilino is converted into the 

Krsi:::!. - s lw " w " ~ «* m 

as ul,dmT»mTh. <li, ' ti,yl!,nili,1< ' dvrWnUyvs u " iU ' r *' ,il( ' «»•««*■ reactions 

'! he diHeetoxyniereuri-o-ehloroanilines when treated with sodium 
thiosulphate give compounds containing two ben/enc nuclei attached 
by two mercury bridges, and a doubly bridged n.ereurv compound is a s 

witli < pu , idi!!("%* 2 ; “ : 1 : y M^hUmmvmni dipheuylaniine is boiled 

1 he billowing derivatives are stable towards ammonium sulphide* 
p neet o\y me leuri omit round i tic, <> acetoxyuicreuri-p broinodimethvl- 
auilme, •- : t dia(*cto.\ymcrcurf-(i*uaphthylamiue, and p-dimetlivlamino- 
phenvhuereiiric acetate. If the latter compound be boiled with notas- 
sium iodide solution, then treated with hydrogen sulphide, only traces 
ol mercuric sulphide arc produced. Mercury compounds from B- 
"iiphthvlamme, /J-imphthyhmiinc-«-sulphonic acid, t : o-imphthvlamine 
sulphomc acid arc decomposed by ammonium sulphide, whilst lianhthi- 
ouh* m*i<{ ilrn\ aUvt*H mv only slowly 

'lhc billowing methods have been used for substituting mercury 
residues m amines by halogens, in order to liml the position of the 
mrivory m the* nurlrus ; 

1. Treat iiik an acetic acid solution of the compound with chlorine 
m tin* presence ol cah'ium chloride, 

“• action td bromine in acidic acid solution, 

• ! * ’I 1 '' use of iodine in potassium iodide. 

'• *•>. I feat iiij.; the eompound with potassium perbromide, 

billowing scheme shows the jamition taken up by mercury in 
me reunited amines, the (inures on the ri^hfc indicating the position in’ the 
nucleus, i he terms mono, di, or tri indicate that a monomereuri, etc, 
oern at iv e is formed, hut its (lositiuii 1ms not been determined.' All 
Hie rings are numbered in a clockwise direction commencing from the 
top, irrespective of the group occupying that position. This method of 
iiumbenng apple s only to the table, the nomenclature in the text beinir 
that in current use, h 
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NH*CH 2 *C0 2 tt 
|Me Mono 

D. ' 


NH*CH 2 -C0 2 Et 



NH-CH 2 ‘C0 2 Et 
2 


Me 



NH 2 

1 


Derivatives of Aniline. 


When aniline is treated with mercuric acetate in aqueous solution at 
room temperature a mixture of o- and p-aminophenylmercuric acetates 
is formed. 


NH 9 


/^Hg.OAc 

U 


NH a 

/\ 


\/ 

Hg.OAo 


In the earlier work on the mercuration of aniline, the para compound 
was obtained by Pesci, and he apparently found its molecular weight 
to be twice that required by the above formula. This error led him to 
formulate many substituted amines incorrectly, and many of the earlier 
formulas have since had to be revised. 

p-Aminophenylmer curie acetate . 1 — The most satisfactory 
method of preparation for this compound is the one described by Dim- 
roth as follows : To 31*8 grams of mercuric acetate in 160 c.c. of water, 
18*6 grams of aniline are added. In about three hours, short, thick, 


1 Pesci, Gazzetta, 1892, 22, i. 373 ,* Atti. B. Accad . Lincei, 1892, (5), i. 312 ; Glum,. 
Zentr ., 1892, ii. 213 ; Piccinini and Ruspaggiari, Gazzetta, 1892, 22, ii. 604 ; Pesci, 
Zeitsck anorg. Ghem ., 1897, 15, 208 ; Gazzetta, 1897, 27, i. 567 ; Dimroth, Bar., 1902, 35, 
2032 ; Vecchiotti, Gazzetta , 1914, 44, ii. 1350 ; Reitzenstein and Bonitsch, J. prakt. 
Ghem. , 1912, [2], 86, 73. 
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hard, pah* yellow prisms separata. These consist of practically pure 
p-aminophenylmereurie acetate, and arc filtered off. On further stand- 
ing a second crop of crystals is obtained, but these contain scant* ortho 
compound. Meld, 40 grams of pure para and 0 grams of ortho 
derivative. 

Less satisfactory preparations arc : ( 1 ) Mereuration of aniline acetate 
with mercuric oxide, (2 ) from N-mereuri-aniline, 

(‘nllsNH Ug SUV, II, 

by the action of mercuric acetate, acetic acid, or concentrated aniline 
acetate solutions. 

The compound crystallises in prisms, M.pt. 100 to 107 is in- 
soluble in water or ether, and with difficulty in alcohol or chloroform, 
although it may ho recrysfallised from the latter solvent without change 
of melting point. It possesses basic properties, turning red methyl 
orange yellow in aqueous solution, and it is soluble in dilute mineral 
and acetic acids. When treated with cold acetic anhydride it yields an 
twritfl derivative, which crystallises as glistening needles from boiling 
water, M.pt . *220" to 221 ' <*, Tin* same compound was isolated by 
l*o sci from acetanilide and mercuric acetate, fist* melting-point being 
given as 2 IK to 220 ' CV 

Salley ialdehyde in absolute alcohol gives a mereurafed Sehiffs base, 
small, yellow crystals decomposing at l Kfi ' (Y“ 

The acetate can also be diiivudised anti coupled in the usual way. azo 
dyes containing mercury being produced. 


( 'ttmlrtisafitw with iUmlmplwHfitpiirhthtittm ( 'hhivhh*? 

f ive grams of the acetate in tf*0 e,e. of boiling alcohol are t rented with 
l;2 grams of t ho pyridine compound in the same solvent, A red colors 
that immediately appears, and a brown solid separates. The reaction is 
completed by warming for one hour on the wafer hath. The cooled 
mixture is filtered, the residue washed with alcohol, then extracted 
with acetone, until no residue remains on evaporation. The dried 
product is a brown powder, M.pt, 2 M <\, insoluble in the usual 
solvents, Yield *t grams. The substance probably has the following 
constitution : - 


lh Hg,Nthf‘dfi^hh 

/\ - * * s 
i * " “* 


N Mil)., Nil 

\ 

II VI 

A secondary react ion also takes place, giving a small quantity of 
substance blackening at iso C\ and not melting at 2*10' i\ This is 
isolated from the filtrate ami corresponds to the formula i 

1 iwi, t Hr;* tut, into, if -m i i HHf i, at, i, :mi t 
3 .liirntw it ml H# nMUrurr, J, tM t % m , HU a. *m, .»|N, 

3 Ui'itft'mttrin nml KUsmm, J, jmtki, t'h* m, % HMn, |JSj, Su 1*14, 
von, XU : U 
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Hg. OAe 

HgOH 

/\ 

1 1 

/\ 

1 1 


1 i 
\/ 

N (CH) r 

-NH 



If the above reaction be carried out in cold acetone solution, amt 
water added after the reaction is complete, a brown precipitate is thrown 
down. This 'is extracted with acetone as before, a brown crystalline 
powder being 1 obtained. It melts at 104 and is insoluble in all 
solvents. Yield 00 to 10 per cent. The tilt rate yields < Unit mainline. 
The product is formulated as : 

Mg.OAt* Hg.OAr 


N«.-(CH) r Nil 

H VI 

Condensation with Pnypargyl Acetal (acetal of fi-ethoxy-aemldebydeh* 

1. In alcohol hydrochloric acid solution. Five grams of acetate 
(2 mols.) in 450 e.e. of alcohol are treated with 0-0 1 grain of propargyt 
acetal (1 mol.) and the mixture boiled for six hours. To the cold 
solution 1*47 grams of 05-00 per cent, hydrochloric acid are added, a pale 
yellow powder being obtained. It decomposes at ISO C\ and no 
formula has been assigned to it, 

2. In aqueous acetic acid solution. The above quantities were 
again used and the mixture* warmed on the water hath for a day, A 
yellow body is obtained, 0*0 gram, decomposing at 180 C\ Tins sub- 
stance agrees with the formula. 

Ae().IIg.C ( jII t .NIL(TI. t NhQII, JIg.OAeJIOAe 

When treated with alkali halides, the corresponding jwarinuoplieuvb 
mercuric halides are .formed, and with alkali hydroxides the hydroxide 
is produced. 

p-Aminophenylmercuric hydroxide, JlgOIL Since 

it appears doubtful whether this compound exists, it is usually formu- 
lated as an anhydride, 

UN.C 6 II 4 .Hg or I IN (hjll.j Hg 

The corresponding acetate in dilute caustic alkali is treated with no 
per cent, potassium hydroxide until a precipitate is obtained. This is 
filtered and dried. Its solutions are strongly alkaline, and it readily 
forms salts with acids. In water it is only slightly soluble, and if the 
solution is heated with alkali sulphides a precipitate is formed, which 
consists of mercuric sulphide and p-niereuri-his-atsiline. The end 
product of the action of methyl iodide in methyl alcohol solution on the 
anhydride is IIgLC {! II 4 .NMc n I, and when this is treated with barium 
hydrosul pliulc, mercuric sulphide is split off and the following substance 
remains, Hg(C 6 H 4 .NMe n I ) 2 ). 

1 Reitssenstain and Bcmitaeh, J. prnkt. ('h*m. t l tH 2, pij, 86. 73, 
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p- A minophenyl mercuric Halides and Salts. 

Chloride. Five grains of 1‘rnely powdered acetate are dissolved in 1*5 
litres of water, 10 e.e. of saturated sodium chloride solution are added, and 
Ihc mixture boiled. 1 he solution soon becomes (dear, and after (ilteriiK*’ 
glistening plates appear as the solution cools. These when reciy stall ised 
from alcohol or benzene melt with decomposition about 1SS° C.‘ 

A second lonm ol the chloride is known, this being amorphous. r Fl \c 
acetate isdisso!\ed in acetic acid and the ealeulaled amount of aqueous 
sodium chloride added. The chloride comes down as a faint yellow 
precipitate. It is insoluble in water, alcohol, or dilute acids. 

The crystalline chloride was obtained in 30 percent, yield by Rcitzen- 
stein and Stamm, tin* acetate and sodium chloride solution being boiled 
for thirty minutes. Tin* plates, which were re cry stall ised from benzene, 
un ited at *210 (, \\ hen treated with sodium thiosulphate, p-amino- 

phenv I mercuric thiosulphate is formed, and from the amorphous form 
Pesei isola ted a crystalline product by the net ion of alcoholic aniline 
hydrochloride, It crystallised in line, colourless needles, decomposing 
above 150 C. 


( \mdttisatiun with Dhtitm phenyl Ipyridiniam Chloride, 

To it grams of the chloride in 500 e.e. of boiling alcohol, 1 *20 grams 
ol I lie pyridine compound in alcohol are addin!; the solution immedi- 
ately becomes yellow, and later red. The mixture is boiled for one hour, 
cooled, and littered. The reddish-brown residue is washed with boiling 
acetone, ami dried over sulphuric acid. The red-brown powder melts 
at 125 ( and is insoluble in most organic solvents, Yield 50 per cent. 
Formula : 

)>N !<'!!)(, Nil XukOII 
H rt 

If the react ion be carried out in cold acetone, and Uu* pyridine com- 
pound disso!\ed in methyl alcohol, the solution becomes deep red on 
mixing, and tit two hours a reddish precipitate separates. This product 
metis ut 151 ' t Y, and is insoluble in most organic solvents. Yield 30 to 

40 pel* cent. 


t'tmde Motion with Propurgyl Acetal, 

I* In benzene solution. Two grams of tin* chloride (2 mols. ) in 
500 e.e, of boiling ben/rne, and pmpargyl acetal ( I mob ) are boiled for 
two hours. Benzene saturated with hydrogen chloride is added, and 
yellow flocks separate. These are filtered amt washed with ether, giving 
a very light, pale yellow powder, 

2, In hydrochloric acid. Five grams of chloride in 200 e.e. of 
wader, OoK gram of hydrochloric acid (density Ml)), 0*08 gram of 
propurgyl acetal arc w armed for a day on the* water-bath. An o range - 
yellow body (5 grams) separates. It sinters at 2 1 0° C. and probably 

has the formula : 


IlgilAWHoM CII r XILC <l Il 4 JIgCl 
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Condensation with Ethoxy acrolein AcetaL 

If the reaction be carried out as above, an orange-coloured body is 
obtained, which darkens at 160° C. and melts at 190° C. Formula : 

/ v vOEt 

ClHg< >NH - CH - CH - CH< 

x / x QEt 

The following p-aminophenylmercuric salts are obtained by the 
action of the corresponding alkali salts on . the acetate : bromide , 
colourless laminae, M.pt. 182° C. ; iodide , M.pt. 165° C. (with decom- 
position) ; nitrate , microscopic crystals ; sulphate , needles, M.pt. 150° C. 
(with decomposition) ; thiosulphate , colourless plates, M.pt. 95° C. 
(with decomposition). 

p-Mercuri -bis -aniline, (NH 2 C 6 I~I 4 ) 2 Hg. — This product is most 
readily formed by heating the above thiosulphate with water, p- 
Mereuri-bis-acetanilide heated at 100° C. in sealed tubes with alcoholic 
potassium hydroxide yields the same compound. It crystallises in 
colourless needles, M.pt. 174° C. (with decomposition). 

o- Aminophenylmercuric acetate occurs as previously stated in 
small yield in the mother-liquors from the para compound. It has 
similar properties to its isomer, and is readily soluble in dilute mineral 
acids, acetic acid, or dilute alcohol, crystallising from the latter in 
pearly plates, M.pt. 158° to 160° C. The acetyl derivative is made from 
its components with ice cooling, and crystallises from acetic acid in 
plates, M.pt. 156° to 158° C. These when treated with aqueous bromine 
in potassium bromide solution yield o-bromoacetanilide, which proves 
the constitution of the mercury compound. 

Condensation with Dimtrophenylpyridinium Chloride. 

The acetate (2*5 grams) in 400 c.c. of acetone is treated with an 
acetone solution of the pyridine compound. A slight evolution of heat 
takes place, the liquid becomes red, and a red precipitate separates. 
The solvent is evaporated in vacuo. Yield 0-7 gram. Formula : 

Hg.OAc H 01 Hg.NHC 6 H a (N0 2 ) 3 

p -Aminophenylmercuric chloride, obtained by adding sodium 
chloride to the acetate in acetic acid, recrystallises from 'the latter in 
long, colourless plates. It may be isolated from the mixed acetates 
formed during the mercuration of aniline by dissolving them in acetic 
acid and adding sodium chloride, a mixture of amorphous para chloride 
and crystalline ortho chloride being obtained. These can be separated 
by warm alcohol, in which only the ortho chloride is soluble. 

2 : 4 -Diacetoxy mercur i aniline, 1 * 

nh 2 

| / ' V |Hg.OAc 

u 

Hg.OAc 

1 Vecchiotti, Gazzetta, 1914, 44 , ii. 1350 ; Gliem. Zentr 1914, ii. 1350 ; Pesci, Ghem. 

Zeit., 1899, 23 , 58 ; Gazzetta, 1899, 29 , i. 394. 
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A mixture 2.T2A grams of aniline ami 100 grains of mercuric acetate in 
200 e.e, of w ater is allowed to staml for t wo days. The deposit of crystals 
is suspended in ammonium acetate solution" brought into solution by 
the addition of ammonium hydroxide, the mixture neutralised by acetic 
aenl and the precipitate allowed to stand for twelve hours. It is then 
washed with dilute aertie arid, and the above operation again repeated. 
It crystallises in warty prisms, M.pt. 200“ C\, soluble in acetic arid or 
ammonium hydroxide, slightly soluble in boiling water, and insoluble 4 in 
alcohol. When boiled for twelve hours with acetic anhydride, the 
mrtifi derivative is formed as colourless, microscopic tetrahedm, M.pt, 
22U C . rite mercury may be removed by bromine in acetic acid 
solution, 2: talihromoaeef anilide being obtained, this proving the position 
of the mercury in tin* nucleus. When the diaeetate is triturated with 
water and treated with potassium hydroxide, the (lihi/dmvf/mcrcuri 
compound is formed. It crystallises in microscopic needles, decompos- 
ing at * 1,70 (*,, slightly soluble in boiling water, insoluble in alcohol. 


I>KhUV A'i t Vl.S OF n.\nCH!KNATKi> A N 1U1 NFS. 

p« Acetify mercuri-o-ehloroaniline. 1 This product is one of a 
series ot tour derivatives obtained from the interaction of o-ehloroaniline 
and mercuric acetate, in aqueous or dilute alcoholic solution. It 
crystallises from alcohol in white needles, M.pt. 101- (!., and when 

treated with alkali, forms an hydro, vide, decomposing at 205“ (.!, The 
latter compound, or tin* acetate, when treated with aqueous sodium 
chloride > ields the t'ltiurhh\ a compound decomposing at 1 7 f ’ U, 

The m'tiutf when ucHy luted gives a crystalline product, M.pt. 208° 
to 17 ain’t this when dissolved in acetic acid and l rented with 

calcium chloride and chlorine gives o-p-diehloroncet anilide, showing 
the position of the mercury in the nucleus, 

p-Mercuri-bis-o-ehloroaniline, M.pt. MiH n U., is prepared in the 
usual manner by t he action of sodium thiosulphate on t he acetate. 

A strnml niuwnta t*u tfmrn'itri compound, isomeric with the above, is 
isolated from the products of mcreurutiou. It crystallises in yellow 
needles, M.pt. I Ml but the position of tin* mercury has not been 
determined. 

The other two compounds from o-ehinrnanitine are diaeetoxy deri- 
vatives. 

4 s 6~t)i;u‘ctc>xymercuri-o**chlorouniline, N 1 1 1 .4 1(1 Ig.OAe)., 

decomposes at 220 C M and yields an A//dmnV/e decomposing at 250" U. 
and a fhhrirtt 1 at 100 i\ Tire acetate gives an mr//// derivative, M.pt, 
2ilo U M from which 2 : 4 ; 0-t riehlomuoiliue may be obtained in the usual 
way. The Huitfl derivative of the chloride decomposes at. 270 U. The 
action of sodium thiosulphate on the acetate results in Hu* production of 
a compound decomposing at 200" (A, which is either 4 : 6-merenri- 
chloro-uxtilliu* |Lj or 4 s A-dimercuri-bie-o-chiorounUIne (II*) 


III! 


of 


Hg 

dig 


fU *1 I til.) 

I ( ! N,1 » 

'■ «'* MI, 

4 : f)-l>iua*l»xynH‘U'uri-o-chloroanlHnc mrlis ul 2.1*2“ and 

* V« c« liintti awl Mii'lictti, Wmsrtbi, 1U2.», SS* 871 
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its acetyl derivative at 2:30° C. The latter in the usual manner yields 
2 : 4 : 5-t.richIoroacetanilide. Concentrated sodium thiosulphate on the 
diacetatc produces either 4 : 5-mercuri-o-chloroaniline (III.) <>r 
4 : 5-dimercuri-bis-o-chloroaniline (IV.), deeom posing at 1<><) C , 


(in.) 


,/Nnh, 
o,,/ I I 
H °\l l n 
N/ 11 


(iv.) 


NH 

Cl ! 


V* 


Nil, 

i 

,/ri 


6-Acetoxymercuri-2 : 4-dichloroaniline 1 is prepared in the 
usual manner from 2 : 4-diehloroaniline and mercuric acetate in dilute 
alcoholic solution. It melts at 170 to 171 tonus a hydnwide and 
chloride , M.pt. 280° C. and 103° C. respectively. The acetyl derivative, 
M.;pt. 2 (S3 0 C., yields 2 : 4 : O-trichloromndanilide. In this ease a men 
curi-bis compound is obtained by the action of sodium hydrogen sub 
phatc on the acetate. It is : t-dwhforoanilhw. M.pt. 


108° C. 

When m-ehloroaniline is moron rated in aijuums solution, usim* 
mercuric acetate, no mono- or diaeetoxy deriv atives are obtained, but 
only a triacetoxy compound. 3 

2 : 4 : 6-Triacetoxymercuri-m-ehIoroaniline nu lls at 210 C. ; 
the trihydro ivymereun and trkhloromercuri compounds decomposing at 
225° C. and 205° 0. respectively. The triacetate when acted upon by 
chlorine in the presence of calcium chloride yields 2 : 3 ; !• : (Idctraehloro* 


aniline. 

o-Acetoxymercuri-p-chloroaniline li crystallises in prismatic 
needles, M.pt. 207° (\ It forms a hydro, ride and chloride* the former a 
white precipitate, and the latter needles, M.pt. 20a When aert \ latrd 
the acetate yields 2 -awto vymmmri - p-ehlomurfa h Hi dr, which is eon « 
verted by chlorine to 2 : 4-diehIoroaeetanilide. 

o-Iodoaniline, unlike the corresponding o-ehloroait*lin<\ only yields 


one derivative when treated with mercuric acetate. 


4-Acetoxymercuri-o-iodoaniline melts at I to i\ ; the hydroride 
has M.pt. 152° C. ; the Iodide, M.pt. 183 (’. With iodine the aeetvl 
derivative gives 2 : 4-didodoacetumlidc. 1 * * 4 5 

Similarly, p-iodoaniline yields 2-aeetoxymercuri -p-ioibumiline, 
M.j>t. 170° C. ; an hi /dm, vide, M.pt. 250 V. : an iodide , decomposing at 
105° C. ; an acetyl derivative, M.pt. 205 conv erted by iodine to 2: l- 
di-iodoacetanilide. 


Dkiuvativks on Nithoanimnks/* 
p-Acetoxymercuri-o-nitroanilincs 

Nth, 




NO,, 


\/ 

it^.OAu 


1 WccliinUi am! Pamub (*tn rittt ¥ 10215, 56* 117. 

4 Vucchiotli, tiuzzdtd, 1.0211, $6, 2 05, 

:i Vm-hiotli, aazx'tot, 1021, 54, 4 th 

4 Vmdriotti ami Miclmtti, (ttv. jlUi, 10215 , 56, 1HU, 

5 KluiruHch, Lommen, and JucoOsohu, J, Am* r, ( h* m, Amo, 11*22, 44 , 70S, 
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To a solution of 9*2 grains of mercuric acetate in 15 c\c. of water 
containing a few drops of acetic acid, a solution of !•*? grains of o-nitro- 
aniline in 90 c.e. of alcohol is added, and the mixture boiled for one hour. 
The liquid is filtered whilst hot , and on cooling the compound separates. 
It is reerystallised from aleohol containing a little aeetie acid, yellow 
crystals being deposited. It does not nu*lt at 900 but turns red very 
gradually. It is stable towards ammonium sulphide. 

p-Chloromereuri-o-nitronnilinc is obtained from tlie preceding 
compound by adding aqueous sodium chloride or alcoholic calcium 
chloride to its alcoholic solution. It is orange in colour and has no 
melting-point. Dilute alkali turns it red. 

Quinone-( 1 Hmide ao i - ( 2 ) - n i t r <> - 1 4 ) - mere u r y , 

N If 

II 


I I 

n# o 

This compound is produced when any of the mercury derivatives of 
omitramline are heated in the dry state or treated with dilute sodium 
hydroxide or even upon boiling with aleohol. Tin* yields are 
quantitative, 

p-Acetoxyimrcurl-diacctyl-o-nltroaniHiie, AcO,Hg,t! 0 H 8 .NO a . 
N Ac,., The acetate is heated under reflux with acetic anhydride and 
ethyl acetate. A st raw yellow substance is deposited on cooling, M,pt . 
19 1 t\ with decomposition. giving a yellow solntioii in sodium hydroxide. 
This compound may be converted to the tHantuterftfl derivative by suspend- 
ing it in water and adding dilute sodium hydroxide, A yellow solution 
is formed, from which dilute acetic acid gives a yellow crystalline 
product. It dissolves in sodium hydroxide, giving a yellow solution 
which slowly deposits a red precipitate, It decomposes at 19 I C\ 
The position of the mercury is proved by shaking the acetyl com- 
pound with potassium perhmmide, when the mercury is replaced by 
immune, 

p* Aectoxy mercy ri-m -nit rounllinc. A solution of 9*9 grams of 
mercuric acetate in 10 e.r, of water is added to a solution of 1*2 grains of 
m nit mainline in 90 can of alcohol, and the whole heated for three hours 
ou the water bath, The hot solution is filtered, and the solid residue 
repeatedly extracted with alcohol containing a little aeetie mad. A 
dark tvd residue remains, M.pt. 225 ' ( which is the diaeefoxy compound 
below. The alcoholic extract is evaporated and the residue reerystal- 
lised from a mixture of alcohol and acetic acid. bellow product, 

M.pt, mi c. 

o-p-Dlaectoxymereuri-m-nitroiinltiiie* Obtained as above or 
by boiling an alcoholic solution of 4*2 grains ol m-uitrounilinc wit it 19*4 
grains of mercuric aeeinte in aqueous solution until a text gives no 
mercuric sulphide when renctiou mixture is treated with ammonium 
sulphide. Red compound, M.pt. 225 (\ The are//// derivative is a \vhite 
compound, inciting with decomposition at 2119” (k 'Flic position of the 
mercury is determined by the aid of potassium perhmmide, 

o-Aeetoxymerewrl-p-iiItrmiullItHW This substance is best pre- 
pared similarly to the corresponding omitmamline, but it may also 
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be isolated by treating the compound shown below with mercuric 
acetate. 


hn=<^ ^>=N=0 0=N=<^ \,=NH 

0 Hg 0 


(p-Quinone-imide aci-nitro mercury). 


The acetate is a yellow, crystalline compound, which is unchanged at 
300° C. Its acetyl derivative is a white, crystalline product. 

o-Chloromercuri-p -nitroaniline is an orange-yellow product 
soluble in alkali. It does not melt below 300° C. 

2 : 6 -Diacetoxymercuri-p -nitroaniline. — An alcoholic solution of 
9 grams of p -nitroaniline is boiled with an aqueous solution of 18-4 grams 
of mercuric acetate. Any monomereuri compound is removed from the 
residue by washing with hot alcohol containing a little acetic acid, and 
the product is then dissolved in pyridine to remove any metallic mercury. 
The addition of acetone precipitates the compound, which is dried in 
vacuo. It is orange in colour and does not melt at 300° C. 

Quinone-(l) -imide aci~(4) -nitro-(2) - mercury is formed by 
treating any of the preceding compounds with dilute alkali, heating alone 

NH 



or with alcohol. The compound is maroon in colour, and with acetic ox- 
hydrochloric acid gives the acetate or chloride respectively, which do not 
melt below 300° C. 

o-Mercuri-bis-p -nitroaniline, (C 6 H 3 .NH 2 .N0 2 ) 2 Hg. — Theacetate 
is moistened with alcohol, suspended in water, and aqueous sodium 
thiosulphate added. Solution takes place, and the whole is boiled for 
six minutes; a yellow precipitate soon forms. It is purified by extrac- 
tion with alcohol. Yield 86 per cent. 


Derivatives oe Mono- and Di-alkylanilines. 

r P -Methylaminophenylmercuric acetate, NHMe.C 6 H 4 .IIg,OAc. 1 
— The preparation is carried out in the usual manner from mercuric 
acetate and monomethyl aniline in aqueous alcoholic solution. The com- 
pound crystallises in glistening plates, M.pt. 149° C. with decomposition ; 
it is soluble in hot alcohol or dilute acetic acid, insoluble in ether or water. 
When treated with potassium hydroxide, the hydroxide is formed. This 
crystallises in pearly plates, containing water of crystallisation, and 
melts at 118° C., decomposing at 120° C. It forms strongly alkaline 
solutions, which have a caustic taste. In alcohol it is readily soluble, 
sparingly soluble in water, insoluble in ether. 

The following salts are also known : chloride , yellow, amorphous 
powder, M.pt. 108° C. with decomposition, becoming green on exposui’e 
to light ; bromide , M.pt. 120° C., has same properties as the chloride ; 

1893 ’ 235 ii * 521, 529 ; GUm ' Zmtr " 1894 1 501 i Zeitach. cmorg. 
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nitrate , hexagonal plates, decomposing suddenly at 150° C. ; sulphate , 
microscopic prisms, M.pt. 130° C. with decomposition, becoming grey- 
green on exposure to light. 

p-Mercuri-bis-monomethylaniline is prepared from the hydrox- 
ide by the action of sodium sulphide. It crystallises from benzene in 
lustrous, colourless needles, M.pt. 178° to 179° C., sparingly soluble in 
alcohol, insoluble in ether. 

p - Nitr o - o - acetoxy mer curi - mono methylaniline . 1 — The follow- 
ing general method of preparation for compounds of this type has been 
given. One molecule of the compound in a small volume of alcohol 
is boiled with an aqueous solution containing 0-9 mol. of mercuric 
acetate until a test portion gives no precipitate with ammonium sul- 
phide. The solution is filtered whilst hot, and the mercurised acetate 
crystallises out on cooling. The mother-liquor from this, when treated 
with aqueous sodium chloride, yields the chloromercuri compound. 
Yields are quantitative. The substance forms small, yellow crystals, 
M.pt. 197° C. with decomposition, soluble in acetone and alcohol-acetic 
acid. The corresponding chloride is a yellow crystalline compound, melt- 
ing with decomposition at 215° C., soluble in acetone or boiling alcohol. 

p-Dimethylaminophenylmercuric acetate 2 may be obtained : 

1. By the interaction of the amine and mercuric acetate at room 
temperature. 

2. By dissolving yellow mercuric oxide in an aqueous solution of 
dimethylaniline acetate. 

It crystallises in colourless, glistening needles, M.pt. 165° C., soluble 
in benzene, chloroform, or dilute acetic acid, insoluble in water. No 
mercuric sulphide is precipitated when it is treated with cold ammonium 
sulphide. Boding with potassium iodide and subsequent passing of 
hydrogen sulphide only gives traces of mercuric sulphide. 3 The hydrox- 
ide is formed by the action of sodium hydroxide, and crystallises in 
microscopic prisms, turning brown at 150° C. and melting at 179° C. 
It is fairly soluble in warm water, the solution being feebly alkaline. 
On boiling the hydroxide with methyl iodide a quaternary ammonium 
compound is formed, HgI.C 6 H 4 .NMe 3 L This crystallises from boiling 
water in thin, flexible needles, which turn brown at 218° C. and melt at 
230° C. on rapid heating. It is not attacked by boiling potassium 
hydroxide, but moist silver oxide yields the corres]3onding base as a 
caustic liquid, which rapidly absorbs carbon dioxide. The methiodide 
gives a chloride when treated in aqueous solution with silver chloride, 
which crystallises in small needles, soluble in water or alcohol. The 
latter yields a double salt with mercuric chloride, crystallising in larnime, 
M.pt. 225° C. with decomposition. 

The acetate with sodium chloride solution gives p-dimethylamino- 
phenylmer curie chloride. The latter may also be obtained by 
shaking a benzene solution of p-mercuri-bis-dimethylaniline with a 
saturated benzene solution of hydrogen chloride, or from alcoholic p- 
mercuri-bis-dimethylaniline and mercuric chloride. 4 It crystallises 
from boiling alcohol in hexagonal plates, M.pt. 225° C., becoming red 
and decomposing. It is soluble in cold hydrochloric acid or chloroform, 

1 Kharasch and Jacobsohn, J. Amer. Ghem. Boo ., 1921, 43 , 1894. 

2 JPesci, loo. cit. ; Dimroth, Ber ., 1902, 35 , 2032. 

3 Dimroth, Zeit. anorg. Ghem., 1903, 33 , 314. 

4 Micliaelis and Rabinerson, Ber., 1890, 23 , 2342. 
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but less soluble in benzene. W armed with sodium carbonate it yields 
dimethyl aniline and mercuric chloride. The corresponding hi omide 
melts at 226° C. s and the iodide forms colourless plates, M.pt. 195 t. 
with decomposition. 

p-Mercuri-bis-dimethylaniline. 1 

1. The p-bromodimethylaniline derived from 100 grams of dimethyl- 
aniline is dissolved in 70 grams of xylene, 1/10 the volume ol ethyl 
acetate added, and sufficient 1*5 per cent, sodium amalgam to give 
double the quantity of sodium required for the reaction, and the mixture 
boiled for twenty-four hours. The mass is filtered and the filtrate dis- 
tilled under reduced pressure, a faint yellow crystalline residue resulting, 
which changes to a white powder in contact with air. 

2. By treating p-dimethylaminophenylmercuric chloride in pyridine 
with metallic copper. Yield 81 per cent. 2 

3. p -Dime thy laminophenylmercuric hydroxide in aqueous sus- 
pension is reduced by sodium sulphide, the product being extracted 
from the resulting precipitate by hot benzene. 

It crystallises from benzene in needles containing benzene, this 
benzene of crystallisation being lost on standing in air. It is slightly 
soluble in alcohol or ether, but readily in chloroform, the crystals melting 
at 169° C. It is precipitated from its dilute hydrochloric acid solution 
by sodium hydroxide, but warming with hydrochloric acid leads to 
decomposition. It readily reacts with phosphorus trichloride to give 
dimethylamidophosphenyl chloride, Cl 2 P.C 6 H 4 .NMe 2 . 

When 2 mols. of p-mercuri-bis-dimethylanilinc in benzene solu- 
tion are treated dropwise with a solution of thionyl chloride in the 
same solvent, a bright yellow product is precipitated. The reaction is 
represented as follows : — 

2 (C 6 H 4 NMe 2 ) 2 Hg+SOCl 2 =(C 6 H 4 NMe a ) 3 S.O.Hg.C 6 H /l NMe 2 ”KIIgCl 2 . 

This compound is decomposed by hydrogen sulphide, hexamethyl- 
triamidotriphenylsulphine chloride being obtained. 3 

Methyl iodide reacts with p-mercuri-bis-dimethylaniline to form the 
quaternary ammonium compound (C 6 II 4 .NMe ;j I) 2 IIg, colourless crystals, 
becoming yellow at 218° C. and melting at 230° C. This yields the 
corresponding chloride with silver chloride, the mercuric chloride double 
salt of which decomposes at 225° C. 

o - Acetoxymercuri -p -br omodimethylaniline A — An alcoholic 
solution of p-bromodimethylaniline and an aqueous solution of mercuric 
acetate are mixed at 30° C., tightly stoppered in a bottle, and allowed 
to stand for six days. Needles separate out in 74 per cent, yield. If 
more concentrated solutions are used and heat is applied only a brown oil 
is obtained, which does not crystallise after standing for three months, 
and a lower yield also results when the mercuric acetate is slowly added 
with vigorous stirring. The acetate crystallises in white needles, 
M.pt. 144° C., very soluble in hot methyl alcohol or carbon disulphide, 
fairly soluble in hot ethyl acetate, benzene, carbon tetrachloride, or 
cold concentrated ammonium hydroxide, practically insoluble in water 

1 Pesci, Gazzetta , 1893, 23 , ii. 521 ; Michaelis and Schlenk, tier., 1888, 21 , 1501 ; 
Annalen, 1890, 260, 6 . 

- Hein, Wagler, and Better, Ber., 1925, 58 , [BJ, 1507. 

» Michaelis and Godchaux, Ber., 1891, 24 , 758. 

i Whitmore, J. Amer. Chem. Soc., 1919, 41 , 1841. 
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or petroleum ether. No black mereurie sulphide is precipitated by 
ammonium sulphide. The following salts are also known ; 

('hluridt\ from aleoholny solution of acetate by alcoholic calcium 
chloride ; separates from alcohol or benzene in felted masses of needles, 
M.pt. 1 No V, !>nnni(l(\ forms larger crystals than the chloride and is 
more soluble; M.pt, ISg ' tmlidt\ much more soluble, M.pt. Hi!)' V. 
Thim'liainitt', line white, gritty crystals, M.pt, 1H5 decomposing at 
I to II ifdro,rUlt\ from aleobolie acetate and the requisite amount 

of sodium hydroxide in alcohol, forms hard, warty masses of crystals, 
M.pt, H>2 V. FarmuU\ line felted needles, M.pt. I 15 (*., decomposing 
at 150 (’. 

Mercuri-bls-p-bromtulimothyUiniline. The acetate, 27 m grains, 
is mixed with 20 grains of potassium iodide in 200 e.e. of alcohol, and the 
mixture heated under reflux tor eight hours. The precipitate is filtered 
mid extracted with cold benzene to remove impurities. Yield 15*5 
urn ms, SO per cent. Four crystallisations from benzene give line, white 
needles, M.pt, 120 readily soluble in cold benzene, toluene, ether, 
acetone, or carbon disulphide. Smaller yields of this compound art* also 
obtained from the above acetate by the action of sodium thiosulphate or 
potassium sulphide. 

The mereuri bis compound reacts with mercuric chloride, bromide, 
iodide* and thiocyanate, gi\ mu good yields of the above salts, 

o-Nitro-p-aeetoxymereuri-dimethvhuiiUne. 1 The preparation 
of this and the following compounds lias been described under p-uitro- 

0 aeeftixy mereuri monometln lamliiie { p. 121), it is a bright yellow, 
crystalline substance, M.pt, MU) th, soluble in the usual organic solvents. 
With sodium chloride solution it yields the /or/dem deri vati ve, a red 
amorphous product, M.pt, 185’ V * with decomposition* soluble in acetone 
or boiling alcohol • 

m - N it ro - p -aeetoxy mereuri ~di met by laid line occurs as brilliant 
orange needles, M.pt . 1 to t\, soluble in the usual solvents, The 
vhlnridt is red and amorphous, M.pt. 220 ' t\ with decomposition, 

p*Eth> lam inopheny! mereurie acetate * forms eohuirless prisms* 
M.pt, I HU t\, insoluble in water. Treated in alcoholic solution with 
calcium chloride, the r/dnr/dr is obtained as hexagonal plates, M.pt, 

1 OP l soluble in boiling alcohol, but insoluble in water. The acetate 
reacts with potassium hydroxide to form I lit* hifdru t idt\ colourless 
needles, decomposing at 1 15 i\, slightly soluble in cold water, insoluble 
in ether. This hydroxide with methyl iodide yields the tfitulrnutrif 
ammonium vum fmuud % llgl ,F n l I j.Fd.X Me :4 t, which crystallises in long* 
colourless, glistening needles, M.pt, gug 1 (\, easily soluble in hoi water* 
and uueltauged by eaustie alkali. From Ibis may be obtained the 
ekturidr, eoloniiess needles, which form a double salt with mereurie 
chloride, M.pt. MiH t\, and the hijdruridv, which forms a highly eaustie 
solution which absorbs carbon dioxide from the atmosphere, 

p- Mereuri -hia-monoethyhmlHne is obtained by the action of 
sodium sulphide on the hydroxide. It crystallises from boiling xylene* 
in colourless needles* M.pt. Hill t\, whilst from alcohol or benzene it 
crystallises in plates, 

p-Nitro-o-aectoxymureurt^mmioethylanillm* occurs as small 
yellow crystals front alcohol* M.pt. IHH V. The thhride is a yellow* 

1 KluiftiM'tt and dnoiWdm, Amrr, t%rm, »xto.* 11)21, 43* I MM, 

1 IV-ii r), foiterh, unary, t'hrto,* I Ml?, Ig. !i0S, 
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amorphous solid, M.pt. 218° C. Both are soluble in alcohol or 
acetone. 1 1 

p “Diethylaminophenylmercuric acetate 1 2 forms colourless, glis- 
uirng n ^edles 3 M.pt. 104*4° C., soluble in alcohol, ether, or dilute acetic 
1, o 1 p°^ u ^ e . 411 water. The chloride crystallises in thin needles, M.pt. 

> ’. < / > S P singly soluble in hot water, and when heated with aqueous 
f K 4 l - m car konate yields an oxide, (Hg.C 6 H 4 .NEt 2 ) 2 0, crystallising in 
us ions, colourless needles, M.pt. 220° C. 3 The hydroxide forms colour- 
ess needles, M.pt. 200° C. with decomposition, slowly decomposed by 
K> . 1 water. When heated with methyl iodide in methyl alcohol 
solution it gives a quaternary ammonium compound, (C 6 H 4 .NEt 2 MeI) 2 Hg, 
sum 1 colourless prisms, M.pt. 203° C., slightly soluble in cold alcohol, 
insoluble in ether or benzene. The corresponding chloride crystallises in 
coloiirless needles* which yield a double salt with mercuric chloride, 
M.pt. 200° C. with decomposition. 

p -Mercuri-bis -diethylaniline is prepared (1 )from p-bromodiethyl- 
annme and sodium amalgam, (2) from reduction of the hydroxide by 
sodium sulphide, (3) from the above oxide by the action of sodium thio- 
sulphate. It crystallises in small, colourless prisms from hot benzene, 
j\hj)t. 100*6° C., soluble in ether, insoluble in alcohol. With methyl- 
iodide it gives the usual quaternary ammonium compound. 


Derivatives of Benzylaniline . 4 

p -Benzylaminophenylmercuric acetate, obtained by the inter- 
action of benzylaniline and mercuric acetate in aqueous alcohol at 50° C., 
lorms colourless needles, M.pt. 143° to 144° C., soluble in benzene or 
chloroform, insoluble in water. The chloride , isolated in the usual way, 
is a. powder, crystallising from benzene or alcohol in glistening plates, 
M-pl . 173° to 1.74° G. The hydroxide sinters at 82° C. and melts at 215° C., 
and is decomposed by alcohols or benzene. Treated with nitric acid 
the hy droxide gives a nitrate , a crystalline powder, decomposed by boiling 
water and melting with decomposition at 150° C. 

p -Mercuri-bis -benzylaniline, prepared from the hydroxide by the 
action of aqueous sodium thiosulphate, crystallises from benzene in 
small, colourless needles, M.pt. 171° C. with partial decomposition. It 
is insoluble in methyl or ethyl alcohol. 


Derivatives of Acid Anilides . 5 & 

p~Aeetaminophenylmercuric acetate. — An intimate mixture of 
2 mots. of mercuric acetate and 1 mol. of acetanilide is heated for one 
hour at 114° to 115° C., then for two hours at 100° C. Two volumes of 
boiling water are then added, and the mixture filtered after standing for 
twenty-four Jiours. It crystallises from boiling water in microscopic 
tetrahedra, M.pt. 220° C., soluble in boiling water, methyl, or ethyl 

1 Kli&r&scli and Jacobsohn, J. Amer. Ohem . Soc., 1921, 43, 1894. 

- I Tecdnmi, Gazzetta, 1893, 23, ii. 534 ; Ruspaggiari, Gazzetta , 1893, 23, ii. 544 ; 

JWatii, ZeiUsch. anorg. Chem 1897, 15, 208. 

:t Pigorini, Gazzetta, , 1894, 24, ii. 465. 

* IVsei, Zeitsch . anorg. Chem., 1897 , 15,208. 

& I Vaci, Gazzetta , 1894, 24, ii. 449; Zcitsch. anorg . Chem., 1897, 15, 222; Ohem . Zeit., 
1891), 23, 58 ; Chem. Zentr., 1899, i. 527 ; Piccinini, Gazzetta , 1894, 24, ii. 453. 
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alcohol, insoluble in benzene, The chloride crystallises with 2 mols. 
uf water in microscopic needles which lose their water at. 100 ' (\ 
They melt at 250 are slightly soluble in alcohol, insoluble in water. 
The lujdnuide is a micro-crystalline substance having a strongly a 1 kn line 
react ion. It decomposes at 270 C\, and with sodium or barium sul- 

phides yields p mereure bis acetanilide. When the acetate is treated 
with sulphuric acid, a sulphate is obtained as colourless needles, soluble 
in acetic acid or alkali acetates, insoluble in water or alcohol. 

p-Miuamri -Ins-acetanilide, prepared as stated above, crystallises 
in colourless needles, M.pt , 241* to 240 and when healed with 

alcoholic potassium hydroxide at 100 (*. in a sealed tula* it; yields p- 
mereuri bis aniline. Tin* anilide is slightly soluble in boiling alcohol, but 
insoluble in other solvents. 

IHmta-aeetoxymercuri aeetanliidis(* (} .NlI Ae.(Hg.()Ae) 5 . 1 An in- 
t iniate mi\t nre of 1 0 grains of mercuric acetate and l grain of acetanilide 
is heated at U5 to 1 45 (\ until a test portion gives no reaction for 
mercury ions. The product is dissolved in ammonium hydroxide, acetic 
acid added, and in twenty-four hours needles are deposited. These 
dissolve in cold water, the solution being viscous, and when heated to 
so V, coagulation takes place, When treated with bromine, penta * 
bromneef anilide, M.pt, 2S4 ' to 2K5 * is obtained, 

Dr.niv vnvns of 1)ii»uksvu\mink. 

p-Acetoxymerci*ri-tliphcnylamiiu%t* tt H ft .NH,C , n H ) |JIg.OAc, !! - An 
alcoholic solution of dipheuylumine is treated with a solution of mercuric 
act late in 50 percent, alcohol in the presence uf a little acetic acid. The 
acetate crystallises from alcohol in plates, M.pt. 17H M slightly soluble 
in alcohols or lad benzene, insoluble in water. Treated with alcoholic 
calcium chloride it gives the chloride, microscopic plates, decomposing 
above 240 V* 

With potassium hydroxide the hydra, tide is formed, a whites amor- 
phous substance decomposing above 200 M i\ It. 1ms an alkaline reaction 
in aqueous and alcoholic solution, 

p-Mereuri-hiH-diphenylamiius obtained from the hydrate by 
sodium thiosulphate. Is a white* powder. It crystallises in scales from 
boiling benzene or chloroform, M.pt. IH2aV‘ C, 

2 ; 2" ; 4 : A'-lVlnichloromerciirl-dlphcnylamlnev 1 

Nll( — v 

I 

H«('l 

Hiphciiylaminc amt mercuric chloride arc heated together, and the melt 
poured into acetic acid and boded for some time. A yellow product is 
obtained' from which unchanged diphenylamme is removed by extrac- 
tion with acetic acid, It does not melt lit *2TO SS and is insoluble in all 

organic solvents* 

When boiled with pyridine the compound appears to be decomposed 

1 I til If ii mid Ht*mu %r»i*rA t Vhm, t mt KtiUtoHr,, ttU2, II, 120 j t*hrm, 7*rnU\ % I II 12. ii* 

Ucntfirdi, 1020, 0* 

a Vtmmi, tim Of**, IH0H, f8, a. 120; *%*m> Z*nlr lt I HUH, H, MH, 

* Eiwmur!* '«»! j* A fmr, f*Arw, Sor ta IflgO, 45 , 1855. 
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into mercuric chloride and 3 : 3'-mercuri-mercazine, to which the 
following formulae have been assigned : — 



/\/ NH \/\ \ 

II II) 


and 


/ST NH -/v 

fWW 

Hg 


This compound, with sodium thiosulphate in alcoholic solution at 
70° C., yields a grey product insoluble in all organic solvents. It is 
unstable towards nitric acid, and when heated to 100° C* vacuo 
mercury distils off. 

Nitration of the tetrachloromercuri compound by mixed acid gives 
a light brown compound, insoluble in organic solvents, but partly soluble 
in sodium hydroxide, giving a red coloration. The position oi the 
nitro groups is uncertain, and the following structure is given : 


NO, 



This compound, when treated with sodium thiosulphate, gives a light- 
brown substance, which loses mercury at 100° C. in vacuo, and when 
heated at 54° C. in vacuo for fifteen minutes loses 5-22 per cent, of water. 
The name, mercury-bis-3-dinilro(?)-mercazine, has boon assigned 
to it, and the following structure : — 


rv 

NO — 1 .! 


"XT XT .NO, NO, "NT IT 

NH \/xr V/ nh \a 


^ ^ 


■Hff- 


I I 

kA H „AA NO * 


i j .sir.o 


p-Acetoxymercuri-methyldiphenylamine , 1 prepared in Hu* usual 
manner, crystallises from alcohol in needles, which yield the hydroxide 
when treated with potassium hydroxide, as a white amorphous powder. 

p-Mercuri-bis-methyldiphenylamine is isolated from the acetate 
by treatment with 25 per cent, sodium thiosulphate. It crystallises 
from benzenc-ligroin in colourless plates, M.pt. 1 38° to 1.30" (\ 

Acetoxymercuri-N-methylthiodiphenylamine 2 is obtained when 
N-methylthiodiphenylamine in alcohol or acetic acid is 1 nailed with 
mercuric acetate. A diacetoxymercuri derivative is also produced at 
the same time. The former compound melts at 105° (!., Hu* latter 
decomposes without melting at 300? C. If the N^methylthiodiphonyl- 
amine be replaced by thiodiphcnylamine no mercury derivative* results, 
but only o-dithiotetraphenylhydrazine, this product also o<*eurring on 
the interaction of mercury acetamide and thiodiphcnylamine. 3 


Derivatives of cl-Anilido Fatty Acids and their Esters . 4 

In this series of compounds the substitution of mercury becomes 
more easy as the series is ascended. Whilst the ethyl a-anilulo acetate 

1 Garbarini, Gazzetta , 1898, 28 , ii. 132 ; Cham. Zentr 1898, ii. 928. 

2 Finzi, (Morn. Ghim . Ind. Appl, 1927, 9 , 176. 

:t Pesei, Gazzetta , 1916, 4 6, i. 103. 

4 Schoeller, Schrautli, and Goldackcr, Ber., 1911, 44 , 1300; German Patent. 24820b 
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forms only a mono-substitution product, the propionic ester gives a 
mixture of mono- and di-substitution products. In the case of the 
butyric and isovaleric esters, only di-substituted products of the type 
C 6 H 3 .(Hg.0Ac) 2 .NH.CHR.C0 2 Et are obtained. 

2 - Acetoxymercuriphenylglycine ethyl ester, 

0Ac.Hg.C 6 H 4 .NH.CH 2 .C0 2 Et. 

Ten grams of the pure phenylglycine ester in 50 c.c. of methyl alcohol 
are treated with a solution of 20 grams of mercuric acetate in 50 c.c. of 
water, the mixture being stirred during the addition. A further quantity 
of methyl alcohol is added, and in fifteen minutes pale yellow crystals 
commence to separate. After twenty-four hours these are filtered off 
and washed with water, the yield of crude product being 20 grams, 
82 per cent. It is recrystallised from chloroform, small tabular crystals 
being obtained. These soften at 129° C. and melt at 132° C. When 
bromine or iodine in their respective alkali halides are added to the ester, 
the acetoxymercuri group is replaced by halogen. 

2-Chloromercuriphenylglycine ethyl ester. — The above acetate 
is treated with sodium chloride in aqueous alcohol solution. It crystal- 
lises in needles or rhombic plates, sintering at 150*5° C. and melting at 
152*5° C. The corresponding bromide forms rhombic plates, sintering at 
144° C., M.pt. 147*5° C. ; the iodide , lustrous leaflets, sintering at 137° to 
138° C., M.pt. 139° to 140° C. 

2 -Hydroxy mercuriphenylglycine anhydride, 

/NH — CHo 

C 6 H 4 < | 

Ndg.O.CO. 

This product is obtained by saponifying the acetate by 1*25 mols. of 
Normal sodium hydroxide solution, and acidifying the resulting solution 
with Normal sulphuric acid. Yield 91 per cent. It is decomposed at 
228° C. (corr. ). When dissolved in the calculated quantity of Normal 
alkali it gives precipitates with the salts of various metals : the copper 
salt is light green, decomposing at 193° to 197° C. ; lead, iron, calcium, 
silver, mercury and platinum salts are also known. 

(2 - Chloromercuriphenyl - a - amino) propionic ethyl ester, 
CIHg.C 6 H 4 .NH.CHMe.CO 2 Et. — Equimolecular quantities of mercuric 
acetate and the ester are allowed to react in aqueous methyl alcohol 
solution. A 68 per cent, yield of the acetate is obtained, which is con- 
taminated with dimercuri ester. It is soluble in organic solvents and 
precipitated as a yellow oil by light petroleum. Standing in ice for 
twelve hours does not induce solidification, so that the oil is treated 
with sodium chloride and converted to the chloro compound. This 
crystallises from 80 per cent, alcohol in microscopic needles, M.pt. 
165*5° C. Yield 80 per cent. 

(2 : 4-Diacetoxymercuri-a-amino) propionic ethyl ester. — To 

10 grams of the anilido ester in 10 c.c. of methyl alcohol, 35 grams of 
mercuric acetate in 100 c.c. of water and 80 c.c. of methyl alcohol are 
gradually added with constant stirring. The reaction is complete in an 
hour. The product is left overnight in ice, then filtered and washed with 
cold water. Yield 30 grams, 80 per cent. It is soluble in the usual 
solvents, and completely soluble in 10 per cent, acetic acid without split- 
ting off the mercury. The above product contains a crystalline and an 
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amorphous form of the diacetate, the former being soluble in hot methyl 
alcohol containing acetic acid, and both give the same substance when 
treated with alkali halides. ^ . 

(2 : 4-Dichloromercuriphenyl-a-amino) propionic ethyl ester 
is prepared from the above compound by the addition of aqueous sodium 
chloride. It crystallises from ethyl acetate — ligroin in small needles, 
sintering at 128° C. and melting at 131° C. (corr.). The corresponding 
dibromide forms needles, M.pt. 128-5° C. (corr.). 

(2 : 4 -Dihydr oxymercuriphenyl -a -amino ) propionic anhydride. 

/NH CHMe 

HOHg.C 6 H 3 <( | 

\H g — O— CO. 

This is obtained by hydrolysis of the diacetate, using aqueous sodium 
hydroxide. It readily absorbs water and decomposes at 223° C. (corr.). 

(2 : 4-Diacetoxymercuriphenyl-a-amino) butyric ethyl ester, 


(IIg.0Ae) 2 C 6 H 3 .NH.CHEt.C0 2 Et.- 


-This is prepared in the usual 
manner, with 82*3 per cent, yield. It crystallises in stout rods, sintering 
at 150° C. and melting at 154-5° C. (corr.). It is readily soluble in 
alcohols or chloroform, but only slightly in other solvents. With sodium 
chloride it yields the dichloro compound , slender needles, M.pt. 127° C. 
(corr.), and the corresponding dibromo derivative forms needles, sintering 
at 125° C., M.pt. 127° C. (corr.) ; the di-iodide forms needles, M.pt. 1 . 20 ° C. 
(corr.). 

(2 : 4-Dihydroxymercuriphenyl-a-amino) butyric anhydride, 

/NH CHEt 

HOHg.C 6 H 3 < | 

Nfig — o — co 

is obtained in 90 to 92 per cent, yield by saponification of the diacetoxy 
ester with 3*25 mols. of Normal sodium hydroxide. It becomes 
yellowish-brown at 200 ° C. and decomposes at 209° C. (corr.). It 
readily takes up moisture on exposure to the air and the following 
scheme may represent the change : — 

CHXHo\ * CI-I 3 CII 0 X * 

M g x * >CH.COOH+HoO — XXI.COOH 

o< >c 6 h 3 .nh / 

HOHg 

(2:4- Diacetoxymercuriphenyl-a-amino) isovalerianic ethyl 
ester. — The reaction is complete in thirty minutes, an 86 per cent, yield 
being obtained. It crystallises in stellar aggregates of needles, M.pt. 
126° C. (corr.). The dichloro compound forms microscopic rods, M.pt. 
122 ° C. (corr.), and the dibromide occurs in' two forms : (a) a granular, 
sandy, amorphous modification, decomposing at 215° C. and insoluble in 
ethyl acetate; ( b ) a soluble form, white needles, M.pt. 135° C. (corr.); 
the di-iodide crystallises in yellow needles, M.pt. 129° C. (corr.). The 
anhydride is obtained in 90 per cent, yield, decomposes at 226° C. (corr.), 
and readily takes up moisture on exposure to the atmosphere. 

Derivatives of Tolylglycine Esters. 

Acetoxymercuri-o-tolylglycine ethyl ester, AcO.Hg.C c H 3 Me. 
NH.CH 2 .C0 2 Et. — The ester and mercuric acetate in methyl alcohol 


noHgv | 

>c 6 ii 3 .nh 


MRRCURY. ]2 <) 

«!IV / P l T • vit ‘ 1<1 ol tllis It is soluble ill methyl or 

ethyl alcohol, et hyl acetate, chloroform, acetone, ammonium hydroxide 
or dilute acids ; insoluble in light petroleum. It melts at 1 25-5’ (' 
(eorr. ). 

Ilydioxymereuri-o-tolylglycine anhydride, 

yXII til., 

Me.t’,,11.,^ j " 

Mlg <) CO 

is obtained in !);$ per cent, yield by saponilication of the above acetate. 
It is insoluble in water or organic solvents, but easily soluble in alkali. 

Ihaeetoxymercuri-o-tolylftlycine ethyl ester is prepared in the 
usual maimer, using 2 mols. ol mereurie acetate. It forms slender 
needles, M.pt. Hi? C. (eurr.), dillieultlv soluble in alcohol, but readily 
m ammonium hydroxide. It is saponilied by hot. alkali. 

Aeetoxymercuri-m-tolylftlydne ethyl ester, M.pt. 127-5 1 C. 

(eorr.), yields a yellow inihf/ilritir on saponiticatinu. 

Triacetoxymercuri-m-tolylftlycine ethyl ester is formed in 20 

per ecu t. yield when .2 mols. of mereurie acetate are used. It, melts 
at 185 ( . (eorr.), is readily soluble in ammonium hydroxide, with 
dilheulty in alcohol, and insoluble in the usual solvents. 

Acetoxymereuri-p-tolyl^lyelne ethyl ester, M.pt. I to (\ (eorr. ), 
yields an amorphous ttnhijdndv an saponification. 

Dkiu VATi VKS OF Tom * i din kn an n Tomuoums, 1 

1 lu* mereurufion ot o* tohudiue in methyl ideal uni solution uji \h*«s rise 
Uni mono nml n dimereuruted compound, the latter forming 85 per cent, 
of the produet . \\ hen 50 per rent, ethyl aleohol is used as tie* solvent 

the main yield is the munomereuri derivative. 11 If the reaction lie earned 
old in aqueous solution, only a dimereurated product is obtained, which 
is isomeric with the one isolated from methyl alcohol solution/ 1 

5*Acetoxymercuri-o»t<>luidlne. A ‘solution of oTohudiue (8 

iitols,) in ethyl alcohol is rapidly added to a 50 per cent . alcoholic solu* 
tkm of mereurie aeetate (! null,). The product is reerystallised first 
Irmn 50 per cent, alcohol, then from absolute aleohol, any dimereuri 
compound being insoluble in the latter solvent. It is soluble in hot 
water or alcohol, less so in ethyl acetate, and melts at l I f ’ to 1 15" V. 

WIu’ii treated with sodium chloride solution the rwhUmtmm'uri 
ntmptmnd is obtained. It crystallises from absolute alcohol in needles, 
M.pt. 1?8’ ! (*, Its di /art i/l derivative forms colourless leaflets, Mud, 
170" (\ 

Diaeetoxymereuri-o-foIuidJne. • Ut) From methyl alcohol solu- 
tion, 

A solution of H7 grams of mereurie acetate in 100 e.e* of methyl 
alcohol is stirred into 10 grams of o-toluidine in 50 e.e, of methyl alcohol, 
and in a few minutes no mercury ions can be detected in the solution, 
Alter several hours the crystallisation of the diaeetoxv compound 
commences. The small rnieroseopie needles are allowed to stand in ice 
for forty-eight hours, then filtered, washed with alcohol, and dried at 

1 Srhrnuth, Si*h*«UI«*r t nail liotlmr* lhr, % 1012 , 45 , 2 H 0 H, 

1 J 111 * 0 1 Hint Heidelbt'rgcr. ./, Hkl Chem, t 1015, 30 , 5 til, 

3 tiaszrtto % 10*25. 56 , 155. Hw Kuhni amt ifcwchi, UtmrtUt, 1025, 55 , 02 , 
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100° C. Yield 21 grams, 73 per cent. It crystallises from methyl 
alcohol in microscopic needles, M.pt. 228° C. with decomposition, is 
insoluble in most organic solvents, slightly soluble in methyl alcohol, but 
readily soluble in acids, ammonium hydroxide, amines, ethylenedi amine, 
or pyridine. 

(b) From aqueous solution. 

When equimolecular quantities of mercuric acetate and o-toluidine 
react in aqueous solution, the resulting diacetate melts at 208° C. The 
position of the acetoxy mercuri groups has not been determined, but 
they are apparently not 3 : 5 or 4 : 6. 

Dihydroxymercuri-o -toluidine. — The diacetate (M.pt. 228° C.) 
in 30 parts of water at 80° to 90° C. is treated with an excess of sodium 
hydroxide, and on cooling the dihydroxy mercuri compound separates in 
long, colourless needles. These when heated at 100° C. lose water, giving 
an infusible canary-yellow substance which blackens when heated and 
probably has the constitution : 

yNH 

HOHg.C e H 2 .Me<( | 

X Hg 

The hydroxide obtained from the diacetate (M.pt. 208° C.) melts at 235° C. 
The acetate (M.pt. 228° C.) when treated in the usual manner yields a 
chloride , bromide , iodide , and hydroxide ; the acetate (M.pt. 208° C.) 
gives the following derivatives : chloride , decomposes at 221° C. ; bromide , 
decomposes at 232° C. ; acetotoluidide , sinters at 214° C., M.pt. 21.9° C. ; 
hydroxide , M.pt. 235° C. 

Acetoxymercuri - aceto - o-toluidide. — Ten grams of o-aceto- 
toluidide in 250 c.c. of hot water are treated with 20 grams of mercuric 
acetate and the mixture boiled for forty minutes, then filtered whilst hot. 
It is then cooled in ice for twenty -four hours, the solution yielding 7 grams 
of needles, 28 per cent, yield. After recrystallisation from 80 per cent. 
alcohol, the needles melt at 233° C. (eorr.). With iodine it gives 5-iodo- 
aceto-o-toluidide. Treatment with sodium chloride solution yields the 
chloromercuri-aceto-o-toluidide , M.pt. 167° C., which may also be obtained 
by acetylation of the chloromercuri-o-toluidine. 

Diacetoxymercuri - aceto - o - toluidide . — Diacetoxy mercuri-o-tolu- 
idine is dissolved in ethyl acetate and acetyl ated by means of acetic 
anhydride. The product melts at 240° C., and by double decomposition 
the following are obtained : chloride ; bromide , microscopic needles ; iodide , 
precipitated in flocks, which gradually change to a crystalline modifica- 
tion on standing. The acetate with iodine gives long, silky needles, 
M.pt. 222-5° C. (corr.), which contain no mercury. 

6 - Acetoxymercuri -m -toluidine crystallises in small needles, M.pt. 
176° C., and 2 : 5 - diacetoxymercuri - m -toluidine forms white needles, 
M.pt. 170° C., these yielding an hydroxide , decomposing at 200° C. ; a 
chloride , decomposing at 239° to 240° C. ; a bromide, decomposing at 
150° C. 

Diacetoxymercuri -m -toluidine (1 : 3 : 4 : 6) 1 crystallises in white 
plates, M.pt. 191° C. ; the hydroxide is not very stable ; the chloride and 
bromide crystallise in plates, melting at 195° C. and 210° C. respectively. 

T riacetoxy mercuri - m - tolui dine . — Three grams of m-toluidine 
and 27 grams of mercuric acetate in 85 c.c. of methyl alcohol gave 

1 Vecchiotti, Gazzetta , 1924, 54 , 411. 
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~ !t K nuus "f metals a flop two days’ standing. Yield 95-3 per cent. It 
tonns bright yellow microscopic crystals, insoluble in the usual organic 
solvents, hut soluble in ammonium hydroxide. 

Acetoxymcrcuri-aceto-m-toluidide may be obtained from an 
aqueous solution of mercuric acetate and the toluidide by heating for 
one hour. Yield go per cent. It gives crystals from 30 per cent, 
alcohol, M ,pt, 99 (!. 

Ii the above dineetoxy compound is aeetvlated, diaNioxymerciiri- 
actlti in tuluididv is formed. It is insoluble in organic solvents, slightly 
soluble in hot water, and easily soluble in ammonium hydroxide. 
With iodine 1- : tbdi-io<loaeeto-m-tolui<lide is obtained. In a similar 
maimer the t rineetoxymereuri compound yields a toluidide , as a heavy 
insoluble powder. 

Diacetoxymercuri-aceto-m^toluidide, prepared from the 1:3: 

4:U compound, forms tufts of needles, M.pt. 250° </., and may be 
converted to 4 : (h<libronuoaeeto-m-toluidide ; ii-<wetOd»pntMuri-aceUMn- 
toluidide melts at 192 C. and yields (i-bromoaeeto-m- toluidide ; 2:5- 
d ittct'ttu if ttiet’f'ti ri (U'eto on -ltd uidide forms silky, white needles, M.pt. 1S3° 
to !H4‘' 1 *. 

Aeetoxy mereuri-p-toluidine. 1 The reaction is carries! out in 
f #0 per rent, alcohol, and occupies two days. The product is purified by 
dissolving it in a mixture of ammonium acetate and hydroxide and 
adding acetic acid. It melts at IH4 M is insoluble in water, slightly 
soluble in alcohol, other, or benzene. 

With calcium chloride in alcoholic solution it gives the chloride , 
prismatic crystals, M.pt. 170 (\, insoluble in water, only slightly 

soluble in alcohol /* 5 The hydnmde crystallises from a solution of the 
acetate in concentrated potassium hydroxide in yellowish plates, M.pt. 
212 to 213 (\ It is insoluble in the usual solvents. 

Mereuri-bis-p-toluidiue is obtained from the preceding hydroxide, 
by the action of concentrated sodium thiosulphate. It crystallises in 
plates, M.pt., birr (\ 

(ontfruM/tioo with / H nit to phenyl pijrid iniiim chloride J y The pyridine 
compound (I mob) in methyl alcohol is added to the mereurated tolu- 
idine fl mol.) in pyridine solution. A deep red coloration takes place 
on mixing and the whole is boiled for about thirty minutes. Then 
a slight excess of dilute hydrochloric acid is added to remove the 
pyridine, and the precipitate washed with boiling acetone to remove any 
dinit raniliuc. The pure substance is a brown powder, M.pt. 133 ’ (!., 
soluble in chloroform. Formula : 

Me Me 

/\ /\ 

I I I i 

K.J- — Hg— [ K/ ) 

M OH OH Nil 

I II /\ 

OH OH H 01 

OH 

Hydroxymercurl-'iiceto-p-toluidide anhydride is obtained from 

* VWrfliilUh iim irUu t 102!, $*, ii, 208 ; Pewd, thmrtUh 1898, 28 , ii. 441 ; ('hem. Zmtr. 

I HIW* ii /Ofi ; Mr it. ttmmr ( %m rt 1898, 17 , 278, 

* Sr»- K 1*4 ii, /Irr„ 1878, II, 743, 

sl iiful Staium, J. pmii Vhrnk? UU0, [2|, 8z, 110. 
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the toluidide and mercuric acetate in aqueous solution. It crystallises 
in leaflets, M.pt. 229° C. (corr.). Formula : 

1 I 

Hg.C 6 H 3 MeN.COMe. 

Acetoxymercuri dimethyl -p-toluidine 1 crystallises from boiling 
benzene in colourless, slender, glistening needles, M.pt. 131-5° C., in- 
soluble in water, more soluble in methyl than ethyl alcohol. 

The following compounds are obtained from the acetate in the usual 
manner : — 

Chloride, very fine needles, M.pt. 159° to 159-5° C., soluble in benzene, 
insoluble in water. Bromide , colourless, glistening needles, M.pt. 149° to 
150° C. Iodide , needles, M.pt. 126° C. Nitrate, using alcoholic calcium 
nitrate, colourless needles, M.pt. 131° C., soluble in alcohol or benzene. 
Hydroxide, obtained by allowing acetate to stand with concentrated 
potassium hydroxide for twenty-four hours; colourless needles, M.pt. 
117° C., fairly soluble in hot water, slightly soluble in benzene or methyl 
alcohol. 

Mercuri-bis - ( dimethyl -p - toluidine ) is obtained when the above 
hydrate is treated with concentrated sodium thiosulphate, and when 
bromo-dimethyl-p-toluidine is heated with 1-5 per cent, sodium amalgam 
for forty-eight hours at 120° to 125° C., a little ethyl acetate being used 
as catalyst. It crystallises in colourless, glistening plates, M.pt. 60° C., 
slightly soluble in benzene. 

Derivatives of Benzidine. 

3(?)~ Acetoxymercuri -benzidine. 2 — This compound appears to be 
formed when benzidine and mercuric acetate react in glacial acetic acid. 
It is a brown product, decomposing at 138° to 140° C., and forming a 
hydrochloride, M.pt. 239° to 240° C. Diacetylbenzidine and mercuric 
acetate when heated at 120° to 160° C. give a crystalline compound, 
C s 2 ^ 3 cP 4 N 4 Hg, 3H 2 0 , which seems to be of indefinite composition. 

Derivatives of the Naphthylamines and their Sul phonic Actds . 3 

2 : 4-Diacetoxymercuri-a-naphthylamine, 

nh 2 

f^f^Hg.OAc 

\A/ 

Hg.OAc 

a-N aphthyl amine (4 2 grams) is dissolved in a mixture of 20 c.c. of 
alcohol and 20 c.c. of acetic acid, then 50 c.c. of boiling water are added. 
To this hot solution, a hot solution of 10 grams of mercuric acetate in 
50 c.c. of water is added. An intense yellow precipitate is formed * this 
gradually becomes white and crystalline, and is filtered off. Yield 9-5 
grams. The substance is coloured faint yellow by sodium hydroxide 
but does not react with ammonium sulphide even on long standing. It 

1 Pesci, Gazzetta , 1898, 28, ii. 445. 

2 Bernardi and Tartarini, Gazzetta, 1927, 57, 223. 

3 Brieger and Schulemann, J. prakt. Ghem ., 1914, 89, 140. 
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is very stable towards halogen salts. No monomercuri derivative is 
isolated. 

Tetra - acetoxymercuri - a - acetonaphthalide, NHAc.C 10 H 3 (Hg. 
OAc) 4 , 1 from a-acetonaphthalide and 4 mols. of mercuric acetate, decom- 
poses at 220° C., and forms aqueous solutions which froth when shaken, 
are highly viscous, and coagulate when heated. 

1 -Acetoxymercuri - /?' - naphthylamine. — /3-Naphthylamine (1*4 
grams) and 3*2 grams of mercuric acetate in 25 c.c. of dilute acetic acid 
yield colourless crystals. These become intense yellow without dissolv- 
ing when treated with concentrated sodium hydroxide, and ammonium 
sulphide readily reacts with the acetate. 

Mercuriphenyl - j3 -naphthylamine , 

/C g H 4 v 

Hg< >NH.2EtOH 

x c 10 h/ 

is formed by treating phenyl- /3-naphtliy lamina with dilute alcoholic 
mercuric acetate containing a little acetic acid. It melts at 173° C. ; 2 and 
crystallises with 2 mols. of alcohol. 

j3-Naphthylamine-6-sulphonic acid Derivatives. 3 — The sodium 
salt of this acid in aqueous solution reacts with aqueous mercuric acetate 
if the compounds are allowed to stand for a long time. A white product 
is obtained, which gives mercuric oxide when treated with sodium 
hydroxide. If the reaction mixture is boiled for five to ten minutes, a 
white body is again obtained, but this does not react with sodium 
hydroxide. It is insoluble in all solvents. To these two bodies the 
following formulae have been assigned : — 


Sodium naphthylamine sulphonate (5*6 grams) is dissolved in 125 c.c. 
of boiling water, and a solution of 6*4 grams of mercuric acetate in 25 
c.c. of water is poured in. The mixture is boiled for a few minutes, then 
sodium hydroxide is added dropwise until complete solution is obtained. 
The whole is then quickly cooled to 70° C. and 150 c.c. of alcohol 
added, a yellow body being precipitated. The whole is cooled quickly, 
shaken, and filtered, the residue washed with 50 per cent, alcohol, 
absolute alcohol, and finally with ether. A pale yellow powder is 
obtained which corresponds to the formula : 


NaO 

A pure white product is obtained from this by the action of an excess 
of sodium hydroxide. This product is soluble in water, aqueous alcohol, 
and dilute alkali. It does not react in aqueous solution with ammonium 

1 Rossi and Bocchi, Gazzeita, 1926, 56 , 817. 

2 Rossi and Cecohetti, Gazzetta, 1925, 55, 869. 

3 Brieger and Schulemann, loc. cit. 
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sulphide, but with acetic acid a white precipitate is thrown out. This 
latter reacts with ammonium sulphide, and contains 1 mol. of water 
which cannot be removed by drying over phosphorus pentoxide, hence 
formula I. has been assigned to it, although analysis points to II. Thus : 


Na0 3 S ! . 1 


rYYM 


\/\/ 




HgOH 

/ / \/ /N \xrxr 

i i r Ha 

s i J i 

ii. 


These mercurated naphthylamine sulphonic acids react immediately 
with halogen halides, the mercury being freed, and in the case of 
potassium iodide solution mercuric iodide separates. 

Monomethylaminonaphthalene- and /3-dimethylaminonaplithalene- 
6-sulphonic acids only reduce mercuric acetate to mercurous salt or 
metallic mercury. 

Naphthionic acid Derivatives. — By the interaction of the sodium 
salt of this acid and mercuric acetate in the cold, a white, finely divided 
precipitate is obtained. When this is boiled it becomes soluble in 
sodium acetate and acetic acid. It crystallises from the latter as a 
colourless body, which is only slightly affected by sodium hydroxide, 
and only slowly attacked by ammonium sulphide. The following 
formula has been ascribed to it : — 1 


/H 
H— Nf-H 
I \OAc 

/\At 


iHg 


\/ 


S0 3 


From a solution of 6-4 grams of sodium naphthionate and 6-4 grams 
ot mercuric acetate in 150 c.c. of water, treated with a large excess of 
sodium hydroxide, a colourless product is obtained. This does not react 
with ammonium sulphide, and towards halogen salts it reacts similarly 
to hydroxy mercuri - j3 - naphthylamine - 6 - sulphonic acid (sodium salt). 
When dried over phosphorus pentoxide the body becomes canary yellow, 
and on addition of water becomes white again. It has been formulated 
as the sodium salt of 2 -hydroxymercuri-naphthionic acid. 


NH 2 

\A/ 

S0 3 Na 


Using an excess of mercuric acetate does not produce dimercurated 
n ri T* a ^ VeS ’ yell ° w so ^fi° n becoming yellow-red on addition of 
alkali, but the colour is less intense than in the case of ^-naphthylamine 
sulphonic acid. 

1 : 5 -Naphthylamine sulphonic acid Derivatives. —The free acid 
(2*4 grams) is dissolved in 25 c.e of water containing a little sodium 


i Whitmore, Organic Compounds of Mercury, Chemical Catalog. Co., prefers to consider 
the compound to be 2-acetoxymercuri-naphthionic acid. 1 
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hydroxide, then dilute arctic arid is added until the solution is just arid. 
A solution of <> I grains of mercuric acetate in 2o e.e. of wnlrr is poured 
in, and a line canary -yellow precipitate is deposited. This is soluble 
in arrlir arid, and becomes deep yellow when treated with sodium 
hydroxide, hut exerss of hydroxide yields no precipitate, but tends to 
decompose the substance, mercurous oxide separating out. Ttie yellow 
pn niuet does not react with ammonium sulphide. The body is very re- 
active with halogen salts, the addition of sodium chloride to its solution, 
followed by ammonium sulphide, causes blackening at oner. With 
potassium iodide the reaction is quantitative, and with potassium 
bromide nearly so. The substance is represented by the structure : 

yyAi^oA,. 

w 

-tv* ir«.t»Au 



CHAPTER VIII. 


M ER C U R Y ( continued ) . 

Derivatives of Aromatic Compounds containing Hydroxyl 

Groups. 

Most of the monohydric phenols and their substitution products react 
with mercuric acetate under suitable conditions to give acetoxymercuri 
compounds. When phenol is treated with an aqueous solution of 
mercuric acetate at room temperature, three products are formed : 


OH 

/VgOAc 


\/ 

I. 


OH 

OH 

a 

/\HgOAc 

x / 1 

1 1 
\/ 

HgOAc 

HgOAc 

II. 

III. 


If, however, the reaction is carried out at 100° C., and no solvent used, only 
I. and II. are formed. : 

The methyl and ethyl ethers of phenol are more difficult to mercurate 
than phenol itself, and although ortho- and para-substituted mo.no- 
mercurated products can be made, no dimercurated derivatives arc yet 
known. J 

I he nitrophenols differ from all other phenols, in that they are cap- 
able of forming anhydrides instead of acetoxymercuri derivatives when 
treated with mercuric acetate. When, for example, the sodium salt of 
o-nitrophenol is shaken with aqueous mercuric acetate, it yields com- 
n itrophenol is dissolved in warm water containing 
a little sodium hydroxide, and the mercuric acetate solution added drop- 
wise, compound II. is produced. 


\/ I 

Hg — 0 

I. 


OH 

u 

HgOAc 

II. 


tw..+T P<? iT t 1 a gl \T t lC “^responding chloride and hydroxide when 
treated with hydrochloric acid and sodium hydroxide respectively but 
bromine, or iodine m potassium iodide solution, replace the mercur’y by 
halogen. p-Nitrophenol is more difficult to mercurate than the ortho 
compound, and the reagents have to be boiled for a long period. 

4 : 6-Dimtrophenol is mercurated by boiling for sixteen hours with 
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nu-iTitrit: oxide in aqueous solution, hut picric acid yields a product, when 
shaken with aqueous mercuric oxide lor several hours at. SO” 0. 

Dimethylaminophonol readily reacts with mercuric acetate in alcoholic 
solution, the operation going to completion in two minutes at 100° C„ 
hut the compound formed slowly decomposes when kept. If, however’ 
no solvent is used, no organic mercury derivative is formed. A rather 
unstable body containing two benzene nuclei connected by a, mercury 
bridge is formed from m-hydroxyphenyltrimethylammonnun acetate, 
but its aqueous solution decomposes in a week. 

In the same way t hat the phenolic ethers are more dillieult to mercur- 
ic Hum the phenols themselves, so crcsol methyl ether is less readily 
attacked by mercuric acetate than cresol, and requires live days' heating 
at 50 to complete the reaction, a diaeetoxymereuri compound only 
being produced. 

Thymol and earyaero! yield mono or dimercumted products accord- 
ing to the number of molecules of mercuric acetate used in the reaction. 

Sufrol, eugenol methyl ether, apiol and isoapiol yield a mixture of 
two isomeric acetates, one of which is crystalline, the other syrupy. 

Other methods have also been used for producing mereurated anisoles 
ami phenetoles of the type IUIgX, (1) The type R 2 IIg, r.g. mercury 
(hanisyl, is treated with an alcoholic solution of mercuric chloride. (2) 
The mercuric chloride addition products of the triarylstibincs, K a Sb. 
HgCbj, arc boiled in alcoholic solution. 

Tin* it A Ig compounds of the phenols are prepared hy the usual 
methods, mcrettri-his-o-pheuol being formed by the action of sodium 
thiosulphate on o-chioroiucrcuri phenol, whilst the anisyl and phenetyl 
compounds are formed either by treating o-bromoanisolc or phenetolc 
with 1*5 per cent, sodium amalgam or by the action of alcoholic 
potassium iodide on o-iodomercuri anisole orphenetole. 

The following evidence has been collected to show the behaviour of 
mereurated phenols towards acids, buses, and salts; 

o-Chloromereuri phenol in sodium hydroxide solution, when treated 
with sodium nitrite at 4 W to 5° and the mixture acidified with 
concentrated sulphuric acid, yields p-nitrosochloromercuriplumol ; the 
latter when heated with a mixture of ammonium chloride, acetate, and 
carbonate for thirty minutes at 100“ (\ is transformed into p-nit roso-o- 
rhloromereuri aniline. 

p-Chloromereuri phenol is decomposed when boiled with hydro- 
chloric acid, giving mercuric chloride and phenol, but with ethereal 
iodine solution, mercuric iodide and p-iodophcnol result, 

(lilommereuri anisole and phenetoh* yield oxides when treated with 
aqueous sodium carbonate solution, e.g. d(Ilgl^N 4 OMe) 2 . 

t-Aeetoxymereurimndhnethylaminophenvl acetate is immediately 
decomposed by ammonium sulphide, 

Aeefoxymcrrurbp-eresol does not yield the corresponding iodide 
when treated with potassium iodide, but the mercury is eliminated as 
mercuric iodide. Chloromercim-p-eresol in alcoholic solution gives the 
anhydride of hydroxy me reuri-p-crcsol when a boiling sodium carbonate 
solution is added. The diaeetoxymereuri derivative of p-e resol methyl 
ether is stable towards ammonium hydroxide or sulphide, hut gives the 
chloride on the addition of aqueous sodium chloride. 

The crystalline ehloroniercuri compound obtained from sufrol is stable 
towards ammonium sulphide or ammonium and sodium hydroxides, 
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but decomposed when boiled with dilute hydrochloric acid. The corre- 
sponding iodomercuri derivative, however, is decomposed by hydrogen 
sulphide. Similar reactions have been noted with the crystalline chloride 
of eugenol methyl ether. 

Chloromereuri resorcinol is readily decomposed by sodium hydroxide 
and immediately 'by ammonium sulphide, and the dichloromercuri 
resorcinol is even less stable to sodium hydroxide. Diacetoxymercuri 
resorcinol dimethyl ether does not give mercuric sulphide with ammonium 
sulphide, but only a yellow precipitate. 

The stability of the mercurated a-naphthols towards alkali halides 
decreases from the chlorides to the iodides, potassium iodide eliminating 
the mercury as mercuric iodide. Diacetoxymercuri-a-naphthol is stable 
to ammonium sulphide. 2* Acetoxymercuri-1 : 4-naphthol monosulphonic 
acid is very stable towards ammonium sulphide, but when warmed 
with sodium chloride in acetic acid solution, mercury is split out, and 
l-aeetoxymercuri-2 : 6-naphthol sulphonic acid has similar properties. 
l-Acetoxymercuri-/hnaphthol is not blackened by cold ammonium 
sulphide, but gives mercuric sulphide on heating. 

The following table shows the positions taken up by mercury on 
entering the benzene nucleus. All rings are numbered from the top 
(position 1) in a clockwise direction, irrespective of the group occupying 
that position. This method of numbering applies only to the tableland 
not to the text. 
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* R=tert-butyl or isoamyl.. * * These compounds ^ive two series of isomeric salts. 
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o-Chloromercuri phenol, U( j.UgU. 1 -When an aqueous 
solution of niinvurii' acetate and phono! reacts at room iemperat mv or 
in heating on tin* water hath, three mercury compounds aro obtained, 
two containing aeetoxy mereuri croups in tin* ortho- and para -posit ions 
to the hydroxy! group, and tho third being a diaeeloxymereuri derivative. 
Tho following method, duo to Whit more and Middlotom product's no 
dimereurated produet, owing to the fact that no solvent is used. Phenol 
(Pi grains) is heated on a steam* bath, and in grains of meronrio acetate 
gradually added, the mixture being well stirred. When the solution of 
the acetate is complete, boiling water is added, and the whole boiled for 
a few minutes, after which a hot solution of a grains of sodium chloride 
is poured in. The p -eh loro mereuri phenol is at mur precipitated and 
filtered off, the tilt rate on cooling depositing crystals of the ortho 
compound. Tins product can be further purified by crystallisation 
from hot water, when glittering crystals, M.pt . logo (*., are deposited, 
It forms an mritjt derivative, Xl.pt. ITU to ITT* t\, which does not react, 
with potassium iodide, but if heated with concentrated hydrochloric 
acid and hydrogen sulphide, mercuric sulphide is formed. The acetyl 
compound is reduced to mnrnri hisa phenol dnnrtatv when acted upon 
by sodium thiosulphate, a yield of So per cent, be inn obtained. 

When o ehinromrreuri phenol in sodium hydroxide solution is 
treated with sodium nitrite, the mixture cooled to l»“ to 5 M and 
aeiditied with concentrated sulphuric acid, /wb/mve n rhlartwinvuri phntnl 
is formed, IHM.^H a ,NO(4')Itgt < i(«2)' This substance crystallises from 
xylene or utiisole in light brown needles, which respond to Uebernmmfs 
nitroso reaction and partially dissolve in ether, giving an intense green 
solution. Two grams of the nitroso compound, 24 grains of ammonium 
chloride, ti ll grams of dry ammonium acetate, and u*2 gram of ammon- 
ium carbonate when heated on the water bath for thirty minutes with 
vigorous stirring yield fhnitrusu^tvlilonnnnruri <tnUhiv % Nil .,.1 \jU b .N 0 
( tlJlgilfg ), 1'he melt is poured into 75 c.e. of cold water and allowed 
to stand thirty minutes, when a brown amorphous precipitate settles out. 
This is filtered, well washed, dried, and crystallised from nmsole. Its 
solutions m benzene and ether are green, in alcohol reddish-yellow. 

When 24*1 grams of o-ehtoromereuri phenol in a freezing mixture are 
treated with the diazotised solution from ? grams of m-amino leueo * 
malachite green in #0 e.e, of water and 1 grams of hydrochloric acid 
{density 141) a dark green precipitate is obtained, which is brown- 
blank when dry, It is trfrninvihijtiiUuniutitri phtiujtuirthtint‘ ii j* t> {'hloro- 
mereuri phemd and has the following constitution i - a 

m.'jnV , e*,N«i, uH 

* V VliuCI 

■i i s r*«- * 


i. L. U - H 1 

* Ifre, ItfUg, 35, gSftl ; Whit iii»*rr* uint «/, Attur, Vfam, Sm\ % 11121, 

in W. 

1 Keif /eiiif»nn imU JioitiMirh, */, pmkL Vhtm,, IfU2, |2), 86, 7*1. 
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o - Acetoxymercuri phenol. 1 — This product is obtained by a 
similar method to Whitmore and Middleton’s o-chloromercuri phenol. 
i.e. using no solvent in the reaction. The compound crystallises m long 
needles or white, hexagonal, or rhombic prisms, M.pt. 157° C., decompos- 
ing at 210 ° to 215° C. In the usual way the following derivatives may 
be prepared: hydroxide ; internal oxide ; bromide , slender, silky 
needles, M.pt. 130° to 132° C., the liquid becoming turbid at 190° C. and 
decomposing at 195° C. ; iodide , stellar aggregates of microscopic 
prisms, M.pt. 121 ° C., the clear red liquid becoming turbid at 170° to 
180° C., and decomposing at 200 ° to 210 ° C. ; nitrate , infusible compound, 
blackening about 200 ° C. ; the sulphate and hydroxide are white, infusible 
powders. 

p -Acetoxymercuri phenol crystallises in slender needles or 
triangular prisms, M.pt. 165° C., decomposing at 210 ° to 215° C. ; 
the bromide forms scales, M.pt. 144° to 146° C., decomposing at 
200 ° to 210 ° C. ; the iodide , a white powder, M.pt. 134° to 185° 
C., decomposing at 200 ° to 210 ° C. ; the nitrate , white crystals, de- 
composing at 210 ° C. ; the sulphate and hydroxide are white, infusible 
compounds. 

Diacetoxymercuri phenol. 2 — Phenol in concentrated aqueous 
solution is treated with mercuric acetate, when a white precipitate 
separates out, the reaction being accelerated if heat is applied. This 
product crystallises from dilute acetic acid in needles, M.pt. 210° to 
217° C. The mother-liquor from this preparation contains o- and 
p- acetoxymercuri phenols.. Treatment of the diacetoxv compound with 
sodium chloride gives the dichloromercuri phenol , a white powder, M.pt. 
258° C. with decomposition . 3 

p-Chloromercuri phenol. 4 — The preparation of this mercury 
compound has already been dealt with above. It crystallises from 
acetone or alcohol in needles, M.pt. 219° to 220 ° C. or 224° to 225° C., 
both figures being given in the literature. The sodium hydroxide 
solution when treated with alcohol yields the sodium salt , which on 
boiling with alcoholic methyl iodide yields p-anisylmermric chloride. 
Boiling with hydrochloric acid gives mercuric chloride and phenol, and 
ethereal iodine solution gives mercuric iodide and p-iodoplienol. The 
acetyl derivative melts at 235° C., and with sodium thiosulphate a 50 per 
'tent, yield of mercuri-bis-p-phenol diacetate results. 

Mercuri-bis-o -phenol, HO.C e H 4 .Hg.C 0 H 4 .OH.“O-Chloromcrcuri 
ihenol dissolves in sodium thiosulphate solution, giving a clear solution 
which rapidly becomes cloudy, a white precipitate eventually separating 
out. In small quantities it may be reervstallised from alcohol, if the 
operation be conducted rapidly, small, white, glistening tablets being 
obtained. It is easily soluble in ethyl acetate or acetone, insoluble in 
water, benzene, ether, or chloroform. When heated alone its colour 
changes to gray without melting, but the alcoholic solution when rapidly 
boiled soon decomposes, metallic mercury separating out. It has the 
characteristic properties of a phenol, being soluble in caustic alkali, 

1 Mameli, Gazzetta , 1922, 52 , i. 352. 

2 Dimroth, Bar., 1898, 31 , 2154 ; 1902, 35 , 2853. 

s See Mameli and Cocconi, Gazzetta , 1922, 52 , ii. 113. 

4 Desesquclle, Bull. Boc. chim., 1894, (3), II, 268; Dimroth, Bar., 1898, 31 , 2155; 
1899, 32 , 761 ; Grutzner, Arch. Pharm ., 1899, 236 , 622 ; Whitmore and Middleton, ,/. Amer. 
Chem. Soc., 1921, 43 , 619. 
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insoluble in sodium carbonate, and is preeqb! ated unchanged from its 
alkaline solutions by carbon dioxide. 1 

IH;ttiv,vttvivS or Anisouu.- 

Me re u ri - his -o- anisole, 'rim best method of obtaining this conn 
pound is that due to W hit more and Middleton, which consists of heating 
obodomereuri anisole with uleoholie potassium iodide solution in a 
ivtlu\ apparatus. It also occurs as a by-product in the preparation of 
o iodiumuvunamsoha from which compound it may also la* derived by 
the action of .sodium stumble solution. 

The usual met hod for preparation of compounds of the type R.JIg is 
also available, namely, heating together n-hrnmoanisole and 1-5 per 
cent, sodium amalgam,. 

It cr\ stalliM s from hot alcohol in prisms, M.pt, 1 08 soluble in 
chloroform and benzene. When treated with mercuric chloride in 
alcoholic solution it yields the chloride, and when dissolved in hot acetic 
acid, u''iitrhujfMt'rntn*tinmitr ( M.pt, I2*J" to 1 2 1 t\) is formed, whicli 

may he precipitated by the addition of water. 

o-dhloromereuri anisole. Tibs was first obtained in small yield 
by Dimruth, when dry mercuric acetate was warmed with excess of 
ufbsule. After removal of the p-ncetuxymercuri anisole. the mother- 
liquors arc treated with sodium chloride, ami the mixture steam distilled, 
tla^ excess of mdsufe passing oven flu* product is reefy slid iised from 
benzene, and has M.pt, 178 to 17 t C. It crystallises from alcohol. in 
needles ami from chloroform in plates. When obtained by heating 
meremiibsomubsole (f gram) with 07 gram of mercuric chloride in 
*25 me. of alcohol for fifteen minutes, the crystals melt at 1 77 to ITS" 0. 
The corresponding hromule melts at I KM i\ 

o-lodomereuri an I sole is best prepared by gently heating an 
alcoholic alkaline solution of o-chloromereuri phenol with methyl iodide ; 
it is also formed when the chloride is treated with potassium iodide 
solution. It crystal fiscs in colourless needles, M.pt. Ida (A, which 
react with alcoholic potassium iodide to form mereuri lbs o anisole, 

MereurMds-p-amsole. 1 p-Hrotmmuisole (100 grams), 80 grams 
of xylene, l/t« the volume of ethyl acetate, ami suHieient 1*5 per cent, 
amalgam to give double the quantity of sodium required in the reaction 
are heated in an oil bath at 100" i\ for twenty-tour hours. The flask 
should lit* frequently shaken, and more ethyl acetate added at eight- 
lamr intervals. The residue obtained crystallises Irony hot benzene 
in transparent needles, tJOO grams of p-hromnunisole yielding about 
HO grains of pure product. It melts at 202 sublimes on strong 
heating, amt is readily soluble in hot benzene or cold ehlorolorm. Ito* 
longed heating with’ hydrochloric acid decomposes it to anisole and 
mercuric chloride. It- readily reacts with phosphorus and bismuth 
chlorides* forming mercuric chloride and phosphorus or bismuth anisyl 
halides. 

* |*W mercury e«i»tt|*»tiiitlj* i*i § * #*l* I* »r* * | *1 1 * * t it > t * #*»• t JOTtuM Patent, 2*14854 ; |iJu*nmI 

II lit I r | t Hul miiplmaie tteitb, (ierimiu Patent, pht-imt j» milphimi** ttujip 

mot Herramtm. Afrh, 1 1> I *t» 354* , 

i Mimnatn ftrr,* !00’2* 3 $, *2X53; MmiHmt. Annul «» U» 2 o, 42 *. 3411 ; VUutmnm mtu 
MitlillHmt, ./. 1 wrr, f *W \\m, 4 $, 1 7f*:i S Mielmelix, Hr** I HIM, r/, 257, 

3 Mirliiirli« itud ltibtia»*r»**a, Hr , , IXIMI, 33 * 2342, 
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p-Chloromercuri anisole may be obtained : 

1. By mixing alcoholic solutions of mercuric chloride and mercury 
diamsyl. 

2. By boiling the alcoholic solution of the double salt of trianisyl 
stibme and mercuric chloride, (OMe.C 6 H 4 ) 3 Sb.HgCl 2 . 1 

3. By adding sodium chloride to the product obtained when 1 mol. 
oi anisole and 1 mol. of mercuric acetate react in aqueous solution. 2 

It crystallises in colourless, pearly plates, M.pt. 239° C., readily 
soluble in hot benzene or cold chloroform, but with difficulty in alcohol. 
With arsenic trichloride on heating it forms anisyl dichloroarsine. 3 

The bromide is a similar compound, M.pt. 187° C. ; the iodide forms 
colourless plates, M.pt. 227° C., and may be prepared by the use of 
potassium iodide, or by heating p -hydroxy mercuri phenol with methyl 
iodide in alkaline alcoholic solution. 

The compound mentioned in method 3 above, obtainable from 
mercuric acetate and anisole, is stated by Manchot to possess the formula : 


(C 7 H 8 O.HgOH)OH or C 7 H 8 O.Hg(OH) 2 

It crystallises in white needles, sintering at 164° C. and melting at 169° 
C. Another method of preparation is as follows : 7-8 grams of anisole 
(1 mol.) and 70 grams (3 mols.) of mercuric acetate in 700 c.c. of 
water are maintained at 50° C. and shaken for half-hour periods during 
three to four days. The product when crystallised from 25 per cent, 
acetic acid is obtained in fine needles, M.pt. 173° C., and although its 
melting-point differs from that of the first preparation, analysis shows 
the two compounds to be identical. The substance is unchanged when 
treated with sodium hydroxide, ammonium hydroxide, or sulphide, but 
decomposes when warmed with dilute hydrochloric acid. The above 
form ul re have recently been criticised by Dimroth, 4 who has shown that 
Manchot’s compound consists of a mixture of p-acetoxymercuri anisole 
and 2 : 4-diacetoxymercuri anisole, M.pt. 197° C. 

p-Acetoxymercuri anisole, MeO.C 6 H 4 .HgOAc.— Dry mercuric 
acetate and excess of anisole (8 mols.) are heated on the water-bath 
until a test portion gives no precipitate with sodium hydroxide. The 
solution on cooling deposits crystals of the acetate, which crystallise 
from dilute alcohol in needles, M.pt. 176*5° C. The mother-liquors 
from this preparation contain o-acetoxvmercuri anisole. 

A similar product is obtained when mercuri-bis-p-anisole is dissolved 
;n acetic acid. The substance yields the chloride when treated with 
aqueous sodium chloride. 
p-Anisylmercuric oxide, 


/Hg.C e H 4 .OMe 

°< 

\Hg. C fj H 4 . OMe 

When the preceding halogen compounds are treated with aqueous 
sodium carbonate, the oxide is deposited as the solution cools. It 
crystallises from alcohol in fine, white needles, M.pt. 177° C., easily 
soluble in alcohol or hot sodium carbonate, but with difficulty in water. 


• 1 Loloff, Bar., 1897, 30 , 283G. 

2 Manchot, Annalen, 1920, 421 , 340. 

3 Boeder and Blaise, Ber., 1914, 47 , 2752. 

4 Dimroth, Ber., 1921, 54 , [B], 1504. 
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The solution has an alkaline reaction and absorbs carbon dioxide from 
the air* 

Derivatives of p-Allyl anisole. Methyl chavicol. 1 — When 
treated with mercuric acetate this compound yields a syrup, from which 
two chlorides' and bromides' are obtainable* The first chloride is soluble 
in alcohol hut insoluble in water, and forms white, glistening needles, 
M.pt. s l to 82' t\ ; the isomeride forms a resinous mass, insoluble in 
alcohol. The second chloride hardens when first heated, but softens 
at 55' t\ without showing any definite melting-point, and both isomers 
yield p-allyl anisole on reduction* The (t evict in gives a bromide , white 
needles, M.pt. To t‘ M and also a resinous isomeride. 

Dkkiv.vtlyks ok Puhnutolk. 

MereurM>i 8 -o -phenetole is obtained : 

1 . By heating o-iodomereuri phenetole under reilux with alcoholic 
potassium iodide, thiocyanate, or sodium thiosulphate , 2 

2. As a by-product in the preparation of o-iodomereuri phenetole 

(see below). 

a. From o hroinophriudoie and sodium amalgam , 3 
The substance crystallises in needles, M.pt* 81° (!., is soluble in the 
usual organic solvents, and has similar properties to the anisyl derivative. 

The following compounds have been obtained from it in the usual 
summer: omeehu ipnerettri phenetole, tablets, M.pt. 150 to 155° C. ; 
chloride , needles, M.pt. 112 ('. ; bromide , needles or prisms, M.pt. 121 ° C. ; 
iodide , needles or prisms, M.pt. 111*5° C. Whitmore’s preparation of 
the latter compound is of interest. Five grams of o-ehloromereuri 
phenol in 50 e.e. of 50 per cent', alcohol, 0*7 gram of sodium hydroxide, 
and a -5 grams of ethyl iodide are gently heated on the water- bath 
for one hour. On cooling a small quantity of mereuri-bis-o-phenetole 
separates out and is removed. Addition of water precipitates the 
iodide. Yield 7 grains, 

Mereuri- bis- p- phenetole separates as leaflets from benzene, 
M.pt. 1*15° <\ It is obtained by the amalgam method. 

p-Aeetoxymercuri phenetole occurs as tablets, sintering at 100° C. 
and inciting at 102 <\ It is prepared by the same methods as used for 
the mbs) 1 compound, 

p-Ohloromercuri phenetole. The melting-point of this compound 
appears to differ slightly according to the method of preparation. From 
the acetate by aqueous sodium chloride, the M.pt. is 21 * 1 .° 0. ; 4 from 
me re u r i - b is * p • p 1 a* u e t oh* ami mercuric chloride, M.pt, 24<l*5° C . ; 5 from 
the compound KtO.ty I & Jlg(OH } a , and sodium chloride, M.pt. 218° CA 
It may also tie prepared by boiling an aleoholie solution of (C 8 IIg0) ; jSb. 
IlgFU The loumide crystallises in needles or ieatlets, M.pt. 2H-5 W C., 
and the iodide in needles, M.pt 2 Iff t\ The <mde is deposited in fine 
needles from alcohol* M.pt 202 ° C 1 . 

The compound , Kt(U\lI A .l!tf(01I) t or (Ft<U! n H 5 .HgOH)OiI, is pre- 

» ttdbiimii unit VutAinn lU-r ,» t WW, 36 , mmi Unurttm UHM, $6, ** 204; Balbianu, 

Hrt, % limit 42* i/aiA* 

1 \V’liifmt*re mwl MitMletttit, J, Atitrr, Vhern, 1923, 45* 1^53* 

:t Mteiau’liK. itrf" I HIM. rp 29 1 ; Pimmth, UmL* 1899, 32 , 75ft. 

♦ Pimroth, rit, ; M$«4**i*4k /low 1H94, ay, 2A0. 
l * Mit'lmeliit, l*#, r*i, 
n Maiirtmt, J nn>thn, 11*20. 421, 3 It 
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pared as follows : 12*2 grams of phenetole (1 mol.) and *4 OH grams ot 
mercuric acetate in 31.8 e.c, of water are heated at 50 1 1 . tor ten days, 
with frequent shaking. Yield 18 grams. It crystallises I rum dilute 
alcohol in small needles, M.pt. 135*5° 0., from methyl alcohol in spherical 
or globular aggregates, from water in line silky needles. When wanned 
with dilute hydrochloric acid it decomposes, but with 10 per cent, 
potassium bromide, a bromide > M.pt. 193° (•., is isolated, which is probably 
an impure form of the bromide referred to above, M.pt. 2 11-5 It. 
has been stated more recently 1 * * that the compound, KH U ,d hd H 1, 
can be separated into p-aeetoxymereuri phenetole and 2 : 4-diaeetoxy- 
mercuri phenetole, M.pt. 183° to 18 4° C. 


Dkhivativks of Nitho run nous. 
Anhydride of 4-hydroxymcrcuri-2-aei-«itrophenolr 

o 


II 

/X 

i 1 


NO 



The sodium salt of o-nitrophenol is shaken with the calculated amount 
of mercuric acetate in aqueous solution, when the anhydride separates 
out as a yellow precipitate. When treated with bromine or iodine in 
potassium iodide, bromo-2-nitrophcnol and iodo-2-nitropheuol result. 

4-Chloromercuri-2-nitrophenol is formed when the above 
anhydride is treated with hydrochloric acid. If forms colourless sola* 
turns in acetic acid or acetone, but yellow solutions in pyridine ; it is 
somewhat soluble in alcohol or ether and insoluble in chloroform. 

4-Hydroxymercuri-2-nitrophenol forms pale yellow crystals, M.pt. 
2 40° to 250° C,, obtained by treating a sodium hydroxide solution of the 
anhydride with dilute sulphuric acid. It is readily soluble in acetone, 
less soluble in hot alcohol, and insoluble in water. Its sodium salt crystal- 
lises from alcohol in dark red crystals. 

4-Aeetoxymercuri-2-nitrophem>l. a To a warm solution of 
10 grams of o-nitrophenol in 200 e.c. of water and 10 e.e. of to per cent, 
sodium hydroxide, a solution of 22*3 grams of mercuric acetate in 200 e.e, 
of water plus a few drops of acetic acid is added drop by drop. The 
precipitate first formed is orange, but after two hours' stirring this 
becomes pale yellow, when it is filtered and washed with very dilute 
boiling acetic* add. The product obtained is dissolved in 5 per cent, 
sodium hydroxide, filtered and re-precipitated by acetic acid, the result- 
ing substance after washing and drying weighing about Id grams. It 
is easily soluble in hot glacial acetic acid, but insoluble in ordinary 
organ i c sol vents. 4 

6-Acetoxymereuri-2-nitrophenoL A mixture of to grants of 

o-nitrophenol and 3 grams of mercuric* acetate is gradually heated to 1 50 ' 


1 Dimroth, Ifar., 1921, S4» 13]* 1504, 

3 Hantzsch and Auld, 1 90(1, 39, H05, 

B Rar/isn and ProHkouriaMT, ./, Anur. Ohrm. .SW,, 19*22, 44 , 7*7; a**t* thaluxim, i/W,, 
1927, 49 , 2840. 

4 Hodgson, lor . a ' t . 
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('. chiving one hour, then kept at 110° to 150 ' C, with frequent shaking 
for four hours. The reaction mixture is then treated with a saturated 
solution of sodium chloride and steam distilled. From the non-volatile 
residue 2 grams of G“cJrforomercuri~2~iiitroph€noli& obtained by extraction 
with boiling alcohol. The light brown colourless residue is dissolved in 
dilute sodium hydroxide, filtered and re-precipitated by acetic acid. 
Crystallisation from acetic acid gives a pale brownish-yellow product, 
unmelted below ?KH)° C. The product is transformed by iodine in 
potassium iodide to 0-iodo-2-nitrophcnoL 

The melting-points and crystalline forms of the (»- and 4-halide- 
mereuri-2-nitropiienols is as follows : Q-jluoro- 9 pale yellow plates, M.pt. 
187" 0. ; ti-ehloro-, pale yellowish-brown rectangular plates, M.pt. 
185" (\ ; (W/m/w-, pale yellow plates, M.pt, 177° C. ; (» -iod<h y deep 
yellow needles, M.pt. 215" U. ^ 4 -Jhwro-, micro-crystalline plates, M.pt. 

1 95" (■. ; 4 -c/iloro-, creamy yellow micro clusters, M.pt. 205" C. ; 4- 
hnmich , needles, M.pt. 2 tiif C. ; 4 -wtfw-, bright yellow needles, M.pt:. 
above 800 u (•. 

Sodium - 6 - hydroxymercuri - 2 - nltrophenokite gives scarlet 
crystals; the 4-compound is deeper red. 1 

Anhydride of 2-hydroxymercuri-4-aci-nitrophenol, t5 

o 

li 

A H « 

i i 

\ s 

¥ 

NO- O 

This product is a yellow powder, formed by prolonged boiling of a dilute 
alcoholic solution* of mercuric acetate with sodium p-nitrophenoxidc, 
it yields a double salt with pyridine, which is a scarlet powder decom- 
posing at 100" C. into its constituents. The mercury must be ortho to 
the hydroxyl group, since 2 : 6-dibromo-p-mtrophenol does not yield a 
corresponding derivative. The anhydride does not react with potassium 
iodide or hydrogen sulphide, but with iodine it gives mercuric iodide and 
o-iodo-p-nitrophenoh 

2-Ghloromereuri-4-nitrophenol occurs as colourless crystals, 
M.pt. 175" (‘. It may hi* obtained by adding hydrochloric acid to the 
anhydride, or by treating the mixture used in the preparation of the 
aeetoxymercuri compound with warm dilute sodium hydroxide, when 
an orange deposit of the monosodium salt appears on cooling. This is 
filtered off, dissolved in water, and the solution acidified with hydro- 
chloric add, when the chloride is deposited as a white precipitate, which 
is reerystallised from 50 per cent, alcohol. The chloride is soluble in 
alcohol and ethyl acetate. 

2-Hydroxymercuri-4-nitrophenol, obtained from the sodium 
salt, is an amorphous powder, M.pt. 200" C,, soluble in acetone, alcohol, 
or acetic add, giving colourless solutions, but a slightly yellow solution 
in pyridine. Its sodium salt, contains 0*5 mob of water of crystallisation, 
is easily soluble in water, and darkens when heated. 

2~Aeetoxymereuri~4-nitrophenol. Aqueous solutions of equi- 

1 Fur ronqxmiulH fmm o-nitruphenol with menmrio nitrate and 4adilor<>‘2 mlmplmnol 
with mmturte u.vidr, him* (term an Patent, 234H51. 

3 Haiziii ami ftemkouriaknff, htc, ciL 

von. xi. : i. 


10 
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molecular quantities of mercuric acetate and sodium p-nitrophenolate 
are boiled for two hours, the yellow precipitate washed with water and 
recrystallised from hot glacial acetic acid. This compound is dried lor 
three days over calcium chloride and found to contain some dimeicuiated 
derivative when analysed. 1 

2 : 2'-Mercuri-bis-4-nitrophenol 2 is isolated from its sodium salt, 
the latter being obtained from the corresponding oxide by reduction with 
sodium sulphide. This oxide is formed from sodium p-nitrophenolate 
and mercuric acetate, the two being boiled in aqueous solution. 

Anhydride of 2-Hydroxymercuri-4-aci“nitro-6-nitrophenol > 3 

0 

II 

NO^—Hg 

I I 
\/ 

II 

NO 0 

Freshly precipitated mercuric oxide and the calculated quantity of 
dinitrophenol are boiled together in aqueous solution for sixteen hours, a 
lemon-yellow powder resulting which is only slightly soluble in water or 
alcohol, and insoluble in other solvents except pyridine. When heated 
with the latter it forms a double compound which may be precipitated 
by the addition of ether. This derivative is dark yellow in colour and is 
decomposed when heated, and in aqueous solution it yields no mercury 
ions. When the anhydride is treated with bromine, o-bromodinitro- 
phenol is formed, and with dilute hydrochloric acid the chlorornercuri 
derivative is obtained, a colourless, crystalline powder, M.pt. 182° C. 
with decomposition. 

2 -Hydroxymercuri-4 : 6 -dinitrophenol, obtained as a micro- 
crystalline powder from alcohol, is neutral to litmus. It may be pre- 
pared from its sodium salt. The latter is formed when the chloride 
is treated with concentrated sodium hydroxide, and it crystallises from 
water or alcohol in orange-red prisms containing 1 moi. of water of 
crystallisation, and which explode when strongly heated. 

Anhydride of 3 - hydroxymercuri-4-aci-nitro~2 : 6 -dinitro- 
phenol, 

0 

II 

N0 2 ' / \N0 a 

kJ-Hg 

II I 

NO— 0 

Mercuric oxide (8-4 grams) is shaken for several hours with a solution of 
15 grams of picric acid in 800 c.c. of water at 80° C., when orange-yellow 
needles separate. If this mixture is then boiled the anhydride results. 
It yields small, pale yellow crystals which are only slightly soluble in 
the usual solvents and decompose without melting. In aqueous solu- 
tion it is a non-electrolyte, and with dilute hydrochloric acid the chloro - 

1 Raiziss and Proskouriakoff, J. Aoner. Chem. Soc. f 1922, 44 , 787. 

2 Fourneau and Vila, J. Pharm. Chim., 1912, [vii.J, 6 , 433 . 

3 Hantzsch and Auld, Per., 1906, 39 , 1105. 
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nieir.uri compound is formed, pale yellow crystals M pt 118° C 
t-rystiUs with sodium hydroxide give the sodium salt vo Mow 
which m turn are decomposed by dilute 
hydrorijmercuri derivative. 


These 

sodium salt , yellow needles, 
sulphuric acid, yielding the 


Derivatives of Amwopiienols. 

2 . 2 - Mei cut i-bis-4-aminophenol 1 is obtained from the corrc- 
spondmjjr m ro compound by reduction in alkaline solution with sodium 
hydrosuljilute. It forms heavy needles, insoluble in water, but readily 
so u . C m alcohol. 1 he In/dm'ldoridc crystallises in brilliant needles, 
soluble m wafer. 1 he /nr in alkaline solution is rapidly oxidised 
on exposure to in r, and Us «<•<%/ derivative crystallises in slender needles, 
soluble m alkali, lormmg stable solutions, 

4 - Aeetoxy mereuri - m -dimethylaminophenol 1 2 

NMe, 

/\ 


I I 

\/ 


'OH 


HgOAc 


A solution of 2-H {Trains of m-dimethylnminophenol in 10 e.e. of alcohol 
is mixed with / grains of 00 percent, mercuric acetate in 80 e.e. of water. 
A jelly forms, and this when heated for two minutes on the water-bath 
melts, and yellow crystals separate. The precipitate is collected, 
washed with water, and dried in vacuo. \’ield 7-4 grams, 02 per cent. 
It forms dirty yellow crystals, insoluble in the usual solvents, except 
pyridine. Il dissolves in sodium hydroxide, and the solution may be 
boiled without decomposition. In 'water it only dissolves to a slight 
extent, the solution giving mercuric sulphide on addition of ammonium 
sulphide. When the dry product stands for two weeks metallic mercury 
separates out. If tin* substance is slowly heated it. melts with decoin- 
position at U>0 tot 10** (\ 

\\ bon muiimeihylnminophenol is boated with mercuric acetate in 
equimoleeular proportions mercury is precipitated, and a mercury-free 
pink dye is formed. 

The neeinxymereuri compound when methylated yields ^aeetory- 
warn ri • m~tl i methyl a m i mum hale hydrochloride, pink leaflets, M.pt. U()° 
to 150 (! m and at IU0*' (\ it decomposes with evolution of gas and 
formation of a pink* fluorescent dye. 

4-Acctoxymcrcuri-m-dlmethylaminophenyl acetate is pre- 
pared as above, using m-dimethylaminophenyl acetate. Yield 78 per 
cent. If forms colourless ■crystals, M.pt. ll() ,r C. (eorr,), readily soluble 
in hot alcohol. The cold alcoholic solution with ammonium sulphide 
gives a yellow precipitate which blackens in a few minutes. When the 
substance is warmed for it few minutes with dilute sodium hydroxide, 
cooled and neutralised with acetic acid, ammonium sulphide immedi- 
ately gives mercuric sulphide. This is no doubt due to the hydrolysis of 
th<- acetyl group h\ alkali and the formation of the less stable mercury 
derivative of mulimethylaminophenol. The dry acetate blackens when 
kept for several mouths, 

1 Fiairmmu mid Vila, J, Phatm , ('him.* HU 2, [vii.J, 6, 434. 

s Khanurli mat Olmlklisy, J. Amur, ('hem. Soc., 1 924, 46 , 121 1 . 
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Mercuri -bis -m -hydroxyphenyl - trimethylammonium acetate . 
— A solution of 5-6 grams of m-hydroxyphenyl-trimethylamrnonium 
iodide in 20 c.c. of water is shaken with the silver oxide from 4-6 grams 
of silver nitrate. After ten minutes the solution is filtered and neutral- 
ised with acetic acid. It is mixed with a solution of 7-1 grams of 90 per 
cent, mercuric acetate, and the mixture heated until a test portion gives 
a yellow and not a black precipitate with ammonium sulphide. The 
solution is evaporated to dryness in vacuo and the residue dissolved in 
about 15 e.c. of alcohol, and 275 c.c. of acetone added. The solution is 
warmed until clear, then the liquor poured off, 450 c.c. of acetone added, 
and the whole allowed to stand for twenty-four hours, when colourless 
crystals separate. These are collected and dried in vacuo. Yield 2-2 to 
2-8 grams, 58 to 69 per cent., calculated on the following equation 


/ 

/\ 


•NMe 3 

\ 


OAc 


\/ 0H 


+Hg< 


OAc 

OAc 


Ac0.2sfMe 3 AcO.NMe s 


HO! 


/\ 


\y 


-Hg- 


\/ 


HO 


+2Ac.OH 


It may be purified by solution in alcohol and precipitation with 
acetone. The substance is a white, very hygroscopic powder, which 
melts with decomposition and evolution of gas at 116 to 117 C. (corr. ). 
It is soluble in water or alcohol, but insoluble in ether. Its aqueous 
solutions decompose on standing for a week, yielding a white precipitate 
and inorganic mercury in solution. 

3 - Chlor o mercuri - m - hydroxyphenyl - trimethylammonium 
anhydride. — A solution of 2-3 grams (1 mol. equivalent) of the pre- 
ceding compound in 5 c.c. of 60 per cent, alcohol is treated with 0-9 
gram (0-9 molecular equivalent) of mercuric chloride in 12 c.c. of 60 
per cent, alcohol. The suspension is shaken and gently warmed until 
practically all the precipitate has dissolved, the liquor poured off and 
allowed to stand for twenty-four hours. From this, 0-6 gram of solid 
is obtained, 25 per cent. The dry compound is insoluble in cold water, 
but readily dissolves in dilute acetic acid. It melts with decomposition 
at about 130° to 150° C., turning purple. 

2 : 6-Diacetoxymercuri - p - hydroxyphenyl - trimethylam- 
monium acetate, C 6 H 2 (l)OH(4)NMe 3 .OCOCH 3 (2 : 6)(HgOAc) 2 , forms 
large colourless needles which, when slowly heated, decompose with gas 
evolution at abojit 155° to 160° C. It is extremely soluble in water, 
insoluble in benzene, acetone, or ether. 

2 - Chloromercuri - p - hydroxyphenyl - trimethylammonium 
acetate, C 6 H 3 (l)OH(4)NMe 3 .OCOCH 3 (2)HgCl, obtained from the 
mother-liquors of the preceding compound, decomposes at 155° to 160° C., 
turning blue-green. It is soluble m pyridine, sparingly in water, and is 
stable when dry. 

3:5- Dichloromercuri - o - hydroxyphenyl - trimethylam- 
monium anhydride, 



ClHg^HgCl 


The product of reaction between o-hydroxyphenyltrimethylammonium 
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hydroxide anti mercuric acetate is treated with sodium chloride. The 
compound is practically insoluble in water, but dissolves in dilute 
sodium hydroxide, ace he aeul, or pyridine. When heated it suddenly 
becomes vmlet at about SOU" to 210" l'., un<l 5° or 10“ higher suddenly 
I h'coiiu's brick -red amt decomposes. ^ 

(4:6)? Dichloromercuri - m - aminophenyl - trimethylam- 
momum acetate is obtained by the action of mercuric acetate on m- 
amniophenyl-trimet hylammonium chloride. It forms colourless or pale 
bnnvn crystals which decompose at. 200" V. It is sparingly soluble in 
water the solution K ivii» K an immediate black precipitate 'with am, non- 
Him sulphided 1 


Dkkivativkk op Cannons. 


I hr mvu matiiin <»J me resol by mercuric acetate in aqueous acetic; 
acid solid am, using equuuoieeuiar quantities of the reagents, <hves rise 
to three’ products, in yields as given below : * 


nil 



H«u> 

.»u :> (m 02’H (ht ut. 


tm 

AeOUg/SdH, 

I I 


I it " J t * » 20*7 jM*r writ. 


HI. 


OH 

Ao(.)Hg/ A S(.JU, 3 


\/ 

MgOAo 

2-U to 7*0 pnr 


4 - Acetoxy mercuri -o-crcsol (I.) melts at 15.T to 155" V. and de- 
composes at 1H0 to 100 V. ; it. is converted by bromine into 4-bromo-o- 
eresol, and yields a elthnnnereuri compound, inciting with decomposition 
at '200 to 202 and a nitratmnmmn derivative, M.pt. 212” to 213° C. 

with ■ leeninpusit ion. 

6 - Acetoxy mercuri-o-cresol (II.) melts at, 120" to 125° (!. and 
decomposes at till and, is transformed into 0-bromo-o-eresol on 
b rumination. Its di/w/'ilr mid nitrate melt at 100" to 102" V. and 208” to 
210 respectively with decomposition. 

4 : 6- JHacet o xy mercuri -o -eresol (III.). The yield of the product, 
may he increased by raising the temperature in the above reaction or by 
usim; 2 mills, of mercuric acetate. The dinectoxy compound melts 
wills decomposition al 102' to 105 (!., and yiehls diiMoroniereuri and 
ithiilmtininreini derivatives, inciting with decomposition at 210" to 2 1 
t“. and 222 V, respectively. The above three compounds when nitrated 
•joe t ; ti dinttro-u-ercsol. 

2 : 0-DIuectoxymcrcuri-p-crcsoly* 


OH 

AcOHi!,*" \Ii)(OA« 

0 • 

€li n 

W'ltvn p-eresitl j% mere united, using mercuric acetate, two products arc 
ihrmnl, one a iijoimaectoxymereuri and (he other a diueetoxymercuri 

1 Pmi iiiiTiamiMitii *4 mutvimuam of u mvOuiunophrnoiH, m*o Mawrlumum, Anmkn, 

I 4 so* Ha. 

1 Mitmt'H, tia: srttn, I 5 . 6 , IHH, 

i !>imr«*th. ft r n IWif, 35 * 2H5&. 
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compound. To 21*6 grams of mercuric oxide in 500 c.c. of water, 
10*8 grams of p-cresol in a little alcohol and 18 grams of acetic acid are 
added. If left at room temperature the reaction is complete in two 
days, but if carried out at 90° C. it only takes thirty minutes. The 
mixture is filtered whilst hot, and the residue is almost pure diace toxy - 
mercuri compound. It crystallises from dilute acetic acid in granular 
crystals, which contain 1 mol. of water of crystallisation when dried in 
air, and when heated it decomposes at about 200° C. without melting. 

Chloromercuri-p-cresol is obtained from the warm mother- 
liquors in the above preparation by the addition of sodium chloride. I t 
separates in fine needles, which are contaminated with the chloride from 
the diacetoxy compound. To effect a separation the mixture is treated 
with cold alcohol, the solvent partially removed, and the substance 
precipitated by water and re crystallised from hot benzene, when lonsg 
branching needles are obtained. These are readily soluble in cold 
alcohol and melt at 166° C. to a clear liquid, which at 176° C. becomes 
turbid, and again solidifies at 183° C. Its benzoyl derivative melts at 241 ° 
to 242° C. The corresponding iodide cannot be obtained by the addition 
of potassium iodide to the acetate, since this precipitates mercuri e 
iodide ; but when the chloride is treated with a large bulk of boiling 
water and potassium iodide is added, the iodide separates out in fine 
needles. These become yellow at 145° C. and red at 170° C., partial 
decomposition taking place and the substance subliming. It is easily 
soluble in ether or alcohol, with difficulty in benzene or chloroform, bub 
prolonged boiling with alcohol or benzene tends to decompose it, although 
it is quite stable in boiling water. When treated with iodine it forms 
mercuric iodide and o-iodo-p-cresol. 

Anhydride of o-hydroxymercuri -p-cresol, 


cl 


\/ 

CH 3 


1. The chloride is dissolved in dilute sodium hydroxide and carbon 
dioxide passed in, the anhydride being precipitated. 

2. By adding the requisite amount of boiling sodium carbonate 
solution to an alcoholic solution of the chloride. 

It is a fine white powder, insoluble in the usual solvents, but soluble in 
phenol. When dissolved in an excess of 12 per cent, sodium hydroxide, 
carbon dioxide passed in, and the mixture slowly cooled, the sodium 
s ‘alt separates in needles which are decomposed when exposed to light. 
Treatment of the anhydride with hot dilute acetic acid gives the o-acetoxy - 
'mercuri compound, which sinters at 150° C. and melts with decomposition 
at 163° C. 

Mercuration of p-cresol methyl ether A — The ether (4*8 grams ; T 
mol. ) is shaken with a solution of 38*4 grams of mercuric acetate (3 mols. ) 
in a stoppered flask for several days at 50° C. The precipitate is then 
removed and washed with water until the washings give no reaction for 
mercury. About 12 grams of product are obtained which, after crystalli- 
sation from 20 per cent, acetic acid and then from alcohol, yield long 
needles, M.pt. 131*5° C. When the ether and mercuric salt are used in 

1 Manchot, Annalen , 1920, 421 , 335. 
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the proportion I : I, the resulting product melts at 132° (' l 
ul this substance agrees with the formula: 


151 

Analysis 


3Me.C' ( |H 4 .OMe.H^(C a H 3 0 2 ).,.2HgO 

It is unaffected by ammonium sulphide or sodium hydroxide, hut when 
its dear alcoholic solution is treated with aipu-ous sodium chloride 
iJhmmrmim/HnW wW /,/,/ d/«r. Mc.C.lI ..OMe.IlgCl, is precipitated’. 
I his crystallises from ttf, per cent, alcohol in white needles, M.nt ]<;2°0 
which are not acted upon hy ammonium hydroxide, sulphide, or sodium 
hydroxide, although easily soluble in the latter. 


Dkhivativks ok Thymol . 2 

o(?)-Chlo r omereuri thymol. Touhot alcoholic solution of is grams 
(1 mo .) ot thvmol, HH! grams (I mol.) of mercuric acetate in acetic 
mm -alcohol solution are added, ami the mixture boiled lor one hour. On 
cooling, a slight precipitate <h«> tfrum of dimereuri compound is de- 
posited, and at ter tillering, sodium chloride solution is added, when ehloro- 

memtn thymol is obtained as a voluminous precipitate. This is re- 
crystallised trout Ht percent, alcohol, hair-line needles, iM.pt. 139 . 5 ° C. 
iauny deposited. \ ield 10 grains. The substance is readily soluble in 
dilute Midmm h\ dmxide. but if the latter is too contHmtmted the mlitm 
Milt is produced. 

2 : 6-Diucetuxymercuri thymol is formed when 2 mols. of mercuric 
acetate are used to 1 mol. ol thymol, the reaction being carried out 
m boiling alcoholic solution containing some acetic acid. After a 
time tin- mixture which practically solidities is cooled, liltercd, and re- 
ervstalliseil from ethyl acetate-acetic acid mixture, white shining needles 
coming down. These melt at 215 to 2Iti ' ('. with decomposition, and 
are soluble hi sodium hydroxide, from which the. sodium suit, crystal- 
lises in plates.' 1 A hot 10 percent, solution of sodium hydroxide yields 
- ■ *' ,m dili!iih'ii,vi/mi'n’iiii t lit/Hml . which crystallises in colourless plates r , con- 
taining .*< muls. of water of crystallisation; in aqueous solution it is 
converted by carbon dioxide into l he aitlii/dritlc, 

OH. Ilg.th.IIMePr/ 1 )^ 

’ O 

With -mhI aim chloride, ^iUdivhlorottnoruri thymol is formed, M.pl. 210° 

211 ( . with decomposition* which may he reduced to thymol by 
/inr him! potassium hydroxide* The corresponding iotlommuri eom- 
pouiui is also known, and n *2; i\*tlhtUvtilomvmtri thymol formed from the 
diacetutc ami fi per cent, nit He aeich 

2 ~ A e e t o x \ m e r curl thymol* prepared in the usual maimer, forms 
a had roils, ^ white powder* -M.pt* H7 M (’♦, decomposing at 182° C„ and 
giving an immediate jireeipitate with ammonium sulphide, hut with 
hydrogen sulphide only in the presence* of hydrochloric aeich Willi 
sodium chloride the 2 * vhtmomenuri derivative is formed, M.pl. M4 U to 
117 tk* decomposing about ItIO (V 1 This eompound is probably 

1 Paitrol ti* llrr S| 11121 , 54 , | II |, IA04, the melting-point m KM" (\ 

1 h§«ir*4fi, Mm2, 35, 2H&I. 

* ^ blr.n-k* Arrh. 1 »i»3* 2JI, 124 ; Rueliai, (fozztUa, 1112b 5b ii. 1H8; Rupp, 

Anh, Iff IT, 255, I fib 

* Miimi-Ii » 1 i*l Mini!* Ii Mftrmt'imirr, flmsdUt, HI22, 52, ii. b 
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identical with Dimroth’s chloride mentioned above. The following 
thymol-2-derivatives are also known: Bromide, crystalline powder, 
contracting at 140° C. and reddening and subliming at 180° C. ; sulphate, 
amorphous, white powder, reddening without melting at 220 U ; nitrate, 
pink powder, M.pt. 148° to 150° C., decomposing at 155 C. and turning 
violet in the light ; oxide, white precipitate, M.pt. 195° C. with decom- 

* 6-Acetoxymercuri thymol occurs as small, lustrous crystals, M.pt. 
168° C., decomposing at 178° to 180° C. The bromide is a white com- 
pound, M.pt. 149° C. with decomposition ; sulphate, amorphous powder, 
decomposing at 235° C. ; nitrate, white powder, M.pt. 167° C. with decom- 
position ; oxide, white powder, blackening at 180° C., and decomposing 
about 205° C. ; hydroxide, M.pt, 190° to 195° C. with decomposition 

2- Acetoxymercuri -6 -iodothymol 1 forms white crystals, redden- 
ing at 170° C. and melting at 175° C. with decomposition; the chloride 
turns yellow at 119° C. and melts at 122° to 124° C. ; the bromide turns 
yellow at 102° C., M.pt. 105° to 108° C. ; oxide , M.pt. 162° to 165 C. with 
decomposition. 

3 - Acetoxymercuri - 4 - hydroxy - 2 - methyl - 5 - isopropyl - 
benzaldehyde. 2 — Molecular proportions of 4-hydroxy-2~methyl-5-isopro- 
pylbenzaldehyde (p-thymolaldehyde ) and mercuric acetate, in alcoholic 
solution containing a little acetic acid, are boiled for fifteen minutes and 
cooled. The precipitated product crystallises from acetone containing a 
small quantity of acetic acid in colourless, hard prisms, sintering at 
179° C, and decomposing at 185° C. Iodine in potassium iodide solution 
splits off the mercury, with probable formation of 3-iodo-4-hydroxy-2- 
methyl-5-isopropylbenzaldehyde, pale yellow, octagonal prisms, M.pt. 
128° to 129° C. 


Derivatives of Carvacrol . 3 

Acetoxymercuri and Diacetoxy mer curicar vacr ol . — Solution s 
of carvacrol (1 mol.) and mercuric acetate (2 mols.) in 50 per cent, 
alcohol are boiled for fifteen minutes, then cooled, a crystalline sub- 
stance separating out. Concentration of the filtrate gives a pale yellow 
oil, which may be crystallised on warming with alcohol. The mother- 
liquors from the oil are mixed with the alcoholic filtrate from the 
solid, and the above process of concentration, etc., repeated. In this 
way eight crops of crystals are obtained, the fourth and sixth being 
mercurous acetate, and 18 grams of carvacrol give 61-3 grams of crude 
mercury compound. The first two crops (34 grams) are practically 
pure monomercuri derivative, crops 3, 5, and 7 (21*8 grams) nearly pure 
diacetoxy mercuri compound, whilst 8 consists of 5*5 grams of a mixture 
of the two compounds. One crystallisation of the above 34 grams gives 
pure acetoxymercuricarvacrol, in short, highly refractive, colourless 
crystals, decomposing at 196° C. Similarly crops 3, 5, and 7 yield the 
diacetoxymercuricarvacrol in colourless, well-formed prisms, sintering 
at 190° C. and decomposing at 215° C. Although orientation experi- 
ments are not very satisfactory in the case of three compounds, and since 
the mercuri residue apparently never enters the benzene ring in the meta 

1 Mameli, Gazzetta, 1922, 52 , ii. 18. 

• 2 Henry and Sharp, J . Chem. Soc., 1926, p. 2436. 

3 Henry and Sharp, loc. cit . 
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position to a hydroxyl group, these compounds are probably 4- or 6- 
monoacetoxymereuri and 4 : 6-diacetoxymercuricarvacrols (OH in 
position 1). v 

5 - Chloromercuri - 4 - hydroxy - 3 - methyl - 6 - isopropyl- 
benzaldehyde.— Molecular proportions of 4-hydroxy-3-methyl-6-iso- 
propylbenzaldehyde (p-carvacrolaldehyde) and mercuric acetate in 
alcohol containing acetic acid are boiled for 1-25 hours. The solution is 
filtered and treated with an excess of 10 per cent, aqueous sodium chloride 
when a pale cream-coloured precipitate is thrown down. This is filtered 
off, dried, and recrystallised from acetone containing one drop of hydro- 
chloric acid, small, four-sided plates being deposited, which sinter and 
darken about 209° C. and decompose indefinitely about 260° C. A 
50 per cent, yield of the corresponding 5 -acetoxymercuri derivative is 
obtained when molecular proportions of p-carvacrolaldehyde and mer- 
curic acetate are heated for 1-5 hours on the water-bath. A yellow oil 
is formed, and this after extraction with hot ligroin is dissolved in a 
little acetic acid and the solution filtered. On cooling, colourless needles 
of 4-hydroxy - 5 - acetoxymercuri - 3 - methyl - 6-isopropylbenzaldehyde 
separate, M.pt.. 120° C. These crystals contain 1 mol. of acetic acid, 
which is not lost on drying in vacuo. When treated with a solution of 
iodine in potassium iodide, a product is obtained which crystallises from 
alcohol in long, colourless needles, M.pt. 157° C. It is probably 5-iodo- 
4-hydroxy-3-methyl-6-isopropylbenzaldehyde. 

Derivatives of Alkyl Phenols. 

2-Acetoxymercuri-p-tert.-butylphenol. — -Two molecules of the 
phenol and 1 mol. of mercuric acetate in 50 per cent, alcohol containing 
a little acetic acid are allowed to stand; a test portion dissolves in 
sodium hydroxide after about twenty hours. In three days 2-53 grams 
of product rich in monomercurated compound crystallises out in white 
needles. The filtrate on concentration gives some unchanged butyl- 
phenol, and a clear yellow oil which solidifies on standing. The latter, 
after steam distillation and drying, weighs 3-6 grams. It crystallises 
from ligroin, saturated with acetic acid, in colourless, shining plates, 
M.pt. 180° C. 1 

2 : 6-Diacetoxymercuri-p-tert.-butyIphenol.— Six grams of the 
phenol in 10 c.c. of alcohol and 25-6 grams of mercuric acetate in 160 c.c. 
of alcohol containing 4 c.c. of acetic acid, are mixed and boiled for one 
hour. After standing overnight the mixture is filtered, concentrated 
to half-bulk, and 200 c.c. of water added. A white, sticky solid is 
precipitated, which becomes crystalline when warmed with alcohol. 
The total yield, taking into account recovery from mother-liquors, is 
23-35 grams. It melts at 224° €. with decomposition, and is readily 
soluble in the usual organic solvents. When nitrated with concentrated 
acid at 0° C. it yields 2 : 6-dinitro-p-tert.-butylphenol, thus proving the 
positions of the mercury in the compound. 

2-Acetoxymercuri-p-isoamylphenol is prepared in a similar 
manner to the above monomercurated product. It crystallises in white 
flakes, M.pt. 176° to 177° C. with decomposition. 

2 : 6-Diacetoxymercuri-p-isoamylphenol crystallises from acetic 
acid in shining prisms, M.pt. 123° to 125° C., containing 1 mol. of 

1 Henry and Sharp, J. Ghem. Soc., 1926, p. 2434. 
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solvent. With twice its weight of ice-cold, concentrated nitric acid it 
yields 2 : 6-dinitro-p-isoamylphenol. 

Derivatives of Guaiacol . 1 

Mercuric acetate reacts with guaiacol in methyl alcohol or ethyl 
alcohol — acetic acid solution to yield principally diaeetoxymercuri 
guaiacol and possibly some monomercuri compound. 

4 : 6 -Diacetoxymercuri guaiacol, 

OH Eg. O Ac 

OMe</ 

Hg. 0 Ac 

forms white crystals which turn yellow, then red when heated, but do 
not melt. Nitric acid converts the compound to 4 : G-dinitroguaiacol. 
This diacetate with 5 per cent, sodium hydroxide yields an Oi vide, 

OH Hg.OAc 

OMe<^ 

0 Hg 

\/ 

an infusible, heavy powder, turning brown at 200° to 210° C. The 
chloride is formed in the usual manner, and is a crystalline powder, 
decomposing at 179° to 180° Cl, and the nitrate is an infusible, white, 
crystalline compound. 

5-Iodo-a.cetylguaiacol is also stated to give a diacetatc. 

Vanillin on mercuration yields a crystalline monoacetah\ which may 
be converted to the chloride , the latter giving iodovanillin on treatment 
with iodine. 2 

Derivatives of Safrol . 3 

Mercuration of safrol by mercuric acetate yields a syrup containing 
two isomeric acetates , one of which eventually crystallises out, the other 
remaining as a sticky mass. Both isomers are reduced to safrol when 
treated with zinc and sodium hydroxide. The crystalline form yields a 
mercnrichloride, a white crystalline powder, insoluble in water and very 
slightly soluble in boiling alcohol. When heated it blackens towards 
170° C. The syrupy isomeric acetate yields a chloride , which crystallises 
from alcohol in rosettes of hard, glistening, prismatic needles, M.pt. 138° 
C. This form can be more conveniently prepared as follows : 81 grams 
of safrol in a stoppered flask are shaken with 16 grams of mercuric 
acetate (1 mol.) in ICO c.c. of water for about two and a half hours 
at 50° C. When the reaction is complete the mixture is shaken with 
10 per cent, sodium chloride solution, a crystalline precipitate of the 
chloride being deposited. Yield about 12 grams. Recrystallisation 
from alcohol gives long, white, stellate, monoelinie prisms, M.pt. 166° to 
137° C. The compound gives no reaction with ammonium sulphide, 
hydroxide, or sodium hydroxide,* but if warmed with dilute hydro- 
chloric acid the smell of safrol becomes evident. It is only slightly 

1 Mameli, Gazzetta, 1922, 52 , ii. 23. 

3 Paolinx, Gazzetta, 1921, 51 , ii. 188. 

Balbiano and Paolini, Ber., 1902, 35, 2998; Atti, M. Accad. Lined, 1902, [v. ], xx, ii. 
05 ; Ber., 1903, 36, 3579 ; Balbiano, Ber., 1909, 42 , 1505 ; Manchot, AnnaUn, 1920, 421, 
320. 
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soluble in water, but easily in sodium hydroxide, from which it may be 
precipitated by hydrochloric acid. The compound is an oj'tjehloridc of 
t he formula, (\ w Uj () () 2 H<f(OH )ri. The corresponding bromide is pre- 
pared in a similar way, sodium chloride being replaced by potassium 
bromide. It melts at U4 to Mo and crystallises in long, silky, 
shimmering, white needles from dilute alcohol. It exhibits similar 
properties to the chloride. The iodide forms small, while needles, M.pt . 
lot! which are decomposed by hydrogen sulphide, becoming first 
orange, then black. It does not redden when boiled with water and is 
unchanged by potassium iodide solution. In water it is insoluble, but 
readily dissolves in dilute alcohol or sodium hydroxide. The tuu sr, 
C ’ j 0 1 1 U) O.M!g(()n )0U, is easily obtained from the bromide by the action 
of moist silver oxide. The clear solution is faintly alkaline to litmus, 
but gives no colour with phenolphthalcin. Treated with hydrochloric 
acid it becomes turbid, and on warming the mixture smells strongly of 
safrol. Potassium bromide solution decomposes it, with formation of 
the oAijhromide. 

Isosafml reduces mercuric to mercurous acetate, and is itself oxidised 
to a glycol. 

Dkkivativks ok KmmNon Mktuyl Ktukk . 1 

Tliis compound yields a syrup of mixed acetates, from which two 
chlorides may be obtained. One of these forms small, hard, while 
prisms, M.pt . I P2 to MSi soluble in alcohol but insoluble in water, 
whilst the second isomer is resinous. The crystalline variety is best 
obtained as follows : Kquimoleculur quantities of t he eugenol compound 
ami mercuric acetate in seven times the bulk of water are heated for 
one hour on the water hath, and after cooling poured into four times 
the volume of U per rent, sodium chloride solution. After standing for 
several days the product separates out, and on reerystallisatiou melts 
at 112*5 i\ It is unchanged by ammonium sulphide or hydrates but 
decomposed bv warm dilute hydrochloric acid. Its constitution is 
ghen as (OMeV^a HI* (II VI 1,.I Ig(( Hi )Ci. 

Apiol reacts "with mercuric acetate fairly rapidly, completion of the 
reaction being Hatched in four to five hours. The acetate forms line 
needles, M.pt, 137 to 1 38 insoluble in water but dissolving in warm 
alcohol. It is reduced to apiol by zine and sodium hydroxide. Isoaplol 
gives an acetate which softens at RIO (*. anil melts at I74 M (■» 

Dr.uiv vnvns ok itK.soaeiNot«. u 

Chloromereuri resorcinol, C’^II a dHI) 2 Jlg(‘b To a solution of 
2K*a grains of mercuric acetate (l mob) in 00 e.e. of water at room 
temperature, a solution of 20*7 grams of resorcinol (tt mots.) in 25 c,<\ 
of w'ater is added with frequent slinking, 'Hie reaction is completed in 
fifteen minutes. White flocks appear, which arc filtered and quickly 
dissolved in concentrated sodium chloride solution, from which the 
chloride separates in medics. These are placed for a short time in 
ice, then filtered off, washed with ice-cold water, and dissolved in 
a large volume of ether. Removal of the solvent, and drying of the 
residue ia cacao, gives 10 grams of product. This consists of a mixture 

1 lliilKknu iiial k*t> cit, i Italluano, far. rit, j Miuwlmt, fan HL 

* Rmimth, /far,, 11102, 35 , 2H55 1 m'v U*yn, J, t'hnrm, ('him,, 11X15, Ivbj, 32, 3HH. 
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of mono and dimercurated compounds, from which the mono is remo ved 
by boiling with chloroform, in which it is soluble. From this solution 
prisms are deposited, M.pt. 105° C., the compound containing chloro- 
form of crystallisation, which may be removed in vacuo , when the 
melting-point rises to 1.23°; at 170° the colour changes to blood red. 
Yield 11*7 grams. It is soluble in ether, but only with difficulty in 
water, the aqueous solution becoming turbid after a short time. When 
warmed with a little water a clear solution is obtained, but a fine 
yellow powder rapidly separates out and decomposes. The solution in 
sodium hydroxide after a short time becomes yellow, then green, then 
brown, and a black precipitate finally appears ; these changes are 
accelerated by warming the solution. With ammonium sulphide the 
substance is immediately decomposed. 

Dichloromercuri resorcinol is the insoluble residue left alter the 
chloroform extraction, and is purified by crystallisation from ether. 
Yield 2-5 grams. It is a fine powder, becoming dark towards 200° C., 
but does not melt. In alcohol it is soluble with difficulty and is 
decomposed by sodium hydroxide even more rapidly than the mono 
compound. 

4-Acetoxymercuri-2-nitroresorcinol 1 is prepared by heating 
together equimolecular quantities of mercuric acetate and 2-nitro- 
resorcinol on a water-bath for thirty minutes. The orange precipitate 
is filtered, washed with water, alcohol, and ether, then dried over 
calcium chloride for forty-eight hours. Yield 75 per cent. 

4-Chloromercuri-2-nitroresorcinol. — Freshly precipitated mer- 
curic oxide and 2-nitroresorcinol suspended in water arc heated on the 
water-bath for two hours, and the orange precipitate filtered off, washed 
with water, alcoho], and ether, then converted to the chloride by the 
addition of 10 per cent, hydrochloric acid. The product when washed 
and dried is a pale orange powder, soluble in dilute sodium hydroxide, 
methyl or ethyl alcohol, ether, benzene; only slightly in water. 

4 : 6-Diacetoxymercuri-resorcinol-dimethyl ether, 

OMe 

AcO.Hg/\ 

t^OMe 

Hg.OAc 

An alcoholic solution of resorcinol dimethyl ether and mercuric acetate 
in equimolecular proportions is boiled until the reaction is complete. 
On cooling, beautiful, white, feathery crystals separate. The product 
melts at 218° to 220° C. (corr. ). It is quite stable to ammonium sulphide, 
the alcoholic solution giving a yellow precipitate with this reagent. 1 2 ’ 3 


Derivatives oe Naphthols and ti-ieir Sulpiionic Acids . 4 

Mercuration of a-Naphthol. — When 3*6 grams of a-naphthol are 
dissolved in 25 c.c. of acetic acid and a solution of 8 grams of mercuric 

1 Raiziss and Proskouriakoff, J. Amer. Ghem. JSoc ., 1922, 44 , 787. 

2 Kharasch and Chalkley, J. Amer. Ghem. Soc., 1924, 46 , 1216. 

3 For mercuration of p-xylenol, monobromo -p-xylenol, 2:3- diliy droxy - 1 -me 1 1 ly 1 be nze n c 
and pyrogallol- 1 : 3 -diethyl ether, see German Patent, 250746. 

4 Brieger and Schulemann, J . praM. Ghem., 1914, 89 , 97. 
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acetate in 50 e.e. of dilute acetic acid is added, a white (crystalline pre- 
cipitate soon separates out, and a further quantify may be obtained 
from the mot her- liquors. This substance does not react with ammonium 
sulphide, dissolves very readily in sodium hydroxide, and if more alkali 
is added a white crystalline precipitate appears. The body is also 
soluble in acetic acid, and crystals deposited from the solution when 
filtered off and washed with water soon become intense yellow ; the 
addition of a drop of sodium hydroxide changes the colour from yellow 
to white, its alcoholic-alkaline solutions soon decompose, but it is fairly 
stable towards cold sodium chloride solution, yet on heating the solu- 
tion gives an alkaline reaction. Potassium bromide; also gives an alkaline 
reaction ; potassium iodide only shows a faint alkalinity at first, but 
suddenly mercuric iodide separates and the solution becomes strongly 
alkaline. The compound contains no aeetoxy group, and the formula 
assigned to it from analysis is as follows : « 

o 

it 

I 1 \ m 


2 ; 1 -Uiaeetoxymereuri-a-naphthol, 

nil 

l' j .H^nAr 

! ! 1 

Hk OAtt 

When the mercuric acetate in the preceding preparation is replaced by 
I a grams of mercuric acetate in 50 e.e. of H per cent, acetic acid, 
colourless needles crystallise out in a short time, and these art* filtered off 
and washed with water. The diaeetoxy derivative is stable to ammon- 
ium sulphide, but behaves towards halogen salts in a similar way to the 
mono mercury compound. 

2-Accloxymercurt-l -miphlhol-4-HtiIphonie add (Sodium salt.), 

oil 

j ' / jIImOAi' 

i i i 

'■■,y %/ 

SO t N» 

Six grains of the sodium salt of the acid in 50 e.e. of water are treated 
with 04 grams of mercuric acetate in 50 e.e. of water, mid after long 
standing yellowish-brown bushy needles separate. These after several 
crystallisations from dilute acetic acid beeome white. The product 
obtained is the sodium salt of the arid, and if is very stable towards 
ammonium sulphide, although this stability is reduced in the presence of 
sodium ehlonde. When warmed with sodium chloride in acetic* acid 
solution, mercury is split off. Attempts to prepare* n diaeetoxy com- 
pound have lire i i misiieeessfllh 

1 Naphthob5*siilphonie acid when treated with mercuric acetate 
gives only utcrcurmix nee tale and tarry products. 
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Mercuration of /3-NaphthoL 
1-Acetoxymercuri-jS-naphthol, 1 


HgOAc 
/X/' \OH 

i i r l 


1. Twenty grams of mercuric oxide are dissolved in 520 c.c. of hot 
acetic acid, and on cooling, the white, glistening plates are filtered off and 
mixed with an acetic acid solution of 13*2 grams of /3-naphthol. A 
heavy, crystalline precipitate separates out, and if removed, the mother- 
liquors give further crops on standing. Yield almost quantitative. 

2. /3-Naphthol (14-4 grams) is dissolved in 75 c.c. of acetic acid, and 
to this 32 grams of mercuric acetate in 125 c.c. of 30 per cent, acetic acid 
are added, when the acetoxy compound separates out. 

It crystallises in white, glistening needles, which on rapid heating 
blacken and melt at 185° C. with violent frothing. It is only slightly 
soluble in the usual solvents, does not blacken with ammonium sulphide, 
but a yellow, voluminous precipitate separates which decomposes on 
heating, with deposition of mercuric sulphide. Treatment with aqueous 
sodium chloride yields the 1-chloromercuri compound, which may be 
transformed into 1-iodo -/3-naphthol. 2 

1 -Acetoxymercuri-2-naphthol-6-sulphonic acid (Sodium salt), 3 

HgOAc 

/Y/Yqh 

i i r 

SO 3 N 

The sodium salt of Schaffer’s acid (14-1 grams), containing 2 mols. of 
water of crystallisation, is dissolved in 100 c.c. of hot water and a solu- 
tion of 16 grams of mercuric acetate in 100 c.c. of hot water added. The 
compound soon separates out, and is only slightly soluble in water, but 
readily in dilute acetic acid or sodium hydroxide. It has similar pro- 
perties to the derivative from l-naphthol-4-sul.phonic acid. 

1 : 8-Amidonaphthol-4 : 6-disulphonic acid (K acid) yields with 
mercuric chloride or acetate unstable red compounds, to which no 
formulae have been assigned; the same result is obtained with its 
mono and dibenzoyl derivatives. 1 : 8-Amidonaphthol-3 : 6-disulphonie 
acid (H acid) and 1 : 8-amidonaphthol-4-sulphonic acid give colours and 
reactions similar to K acid, but these compounds are even more readily 
decomposed. Constancy of composition has not been obtained in the 
case of 1 : 8-dihydroxynaphthalene-3 : 6-disulphonic acid (ehromotropo 
acid), the derived compounds being orange in colour. 4 

Mercuration of Salicylyl alcohol (Saligenin). 5 — This alcohol 
forms a dimercurated compound when 1 mol. is heated with 2 mols. 
of mercuric acetate in alcoholic solution containing a little acetic acid. 
Needles separate out, from which a pure product is isolated by extraet- 

1 Bamberger, Ber., 1898, 31 , 2624 ; Brieger and Sehulemann, J. praM. Ohem. 1914 
89 , 97. 

2 Paolini, Gazzetta , 1921, 51 , ii. 188. 

3 German Patent, 143726. 

4 Por ^-naphthol disulphonic acid R, see German Patent, 143448; /L/jL-n aphthol 

sulphonic acid, see German Patent, 143726. A 

5 Hart and Hirschfelder, J. Amer. Ghem. JSoc 1920, 42 , 2768. 
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watei, alcohol, and ether. It is only soluble in hot. glacial 
acidic acid or acetic anhydride and alkalies; with mineral acids iU'onus 
salts. Tin- mercury present is mm-ionic in character, and since it 
readily forms an anhydride is probably in the ortho position to the 
phenolic hydroxyl tfroup. The folio winy; formula has been assumed 
to it : 


Hk /\ OH, OH 

i .HH1..0 

•J 

I 

IfjlOH 

When dissolved in hot acetic anhydride it forms a triiurtatr of the 
composition ; 

OH 

1 

AeOHjt : OH, OAo 


Hk OAi’ 


Mere unit ion of p-Hydroxy-m-nitrophenyl carbinol. The 
carbiuol is prepared by the action of hrommnethyl alcohol on o-nit.ro- 
phenol and then treated with 2 mols. of mercuric acetate in alcohol- 
neetie arid solution. Fine, pale yellow needles separate, which may he 
rccrvstalliscd from 20 per cent, acetic acid (1.). This compound docs nut 
form an inner anhydride as in the precedin'' case, although the mercury 
is in the ortho position to the hydroxyl ^roup. The latter fact was estab- 
lished by treat mu the com|»ound with a solution of iodine in potassium 
iodide, when ,'t«iodu- t-hydroxy-S-nitrolien/.yl alcohol is obtained. 1 
Treatment with acetic anhydride yields a namonectyl derivative (II,). 


on 

V'li,oH 


OH 

Ar.tt it K .NO, 


■ / 

Cl! pill 


KhiiriiHf h, J. Afmr, 1‘hrm, Su<\, 2tfsn»43, 12<i3, 


CHAPTER IX. 


M ERC UR Y ( continued ). 


Derivatives of Aromatic Acids. 


The simplest of the aromatic acids, namely, benzoic acid, does not give 
an acetoxymercuri compound when heated with mercuric acetate, but 
only an anhydride. The position of the mercury in the ring in this case 
is shown to be ortho to the carboxyl group, since the same anhydride 
may be formed from phthalic acid, the only other products of reaction 
being carbon dioxide and acetic acid, 


,/Yoooh 

+Hg(OAc) 2 

I JCOOH 



0+C0 2 +2HOAo 


The same compound is also formed when mercuric benzoate is heated 
for some time at 270 ° C., and this method may yet become of great 
importance in the preparation of mercurated aromatic acids. Mercury 
salicylate yields an organo-mercuri anhydride, when heated for a pro- 


NH 2 



nh 2 

j^C0 2 Me 

HgOAc 
N/l NaOH 


nh 2 
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longed period at 100 " C o-Chh.romerouri -benzoic add is obtained from 
tlu‘ anhydride by dissolving it, in concentrated sodium chloride solution 
and adding acetic acid, but; the p-chloroinet'euri compound has only been 
obtained by the oxidation of p-tolylmcrcuric chloride by alkaline per- 
manganate. I lie met hyl ester of benzoic acid nmv be mercurated in the 
usual way by means of mercuric acetate in t he presence of a little acetic 
acid, and the esters of salicylic acid may lie treated similarly. 5- 
Ait rosalioyiie acid is mercurated by using an aqueous suspension of 
mercuric oxide at 100 ’ th 

1 he interaction ol mercuric acetate and anthranilic acid is more 
complicated than the preceding cases, and is best illustrated by the 
scheme on opposite page, which shows also the main reactions of the 
mvtoxy-mmMin compounds of this acid. 

A similar set ol reactions has been (tarried out with the ethvl ester of 
p-ammobnr/oic acid, but in addition a mercuric* acetate salt, oi* m*etoxy- 
ijjcivuri-p-a!ninobt‘nw>ie acid has been obtained, and the memo and 
diaeefoxy merenn deri vati ves may be* isolated from this under suitable 
conditions. Also in the ease of this ester only the diueetoxymereuri 
compound has been obtained directly from the Xdsodiacetoxymereuri 
derivative, direct mereuration being used to obtain the monoaeetoxY- 
mrreun product. 

,.J» ,‘i‘r <>f cimmmic acid and its esters, H.IIj.CIL.ni.. 

UH)U, the mercury residue always attaches itself to the u-earbon atom, 
and the solvent takes part in the reaction, attacking the /3-earbon atom, 
alkyloxy groups becoming linked to the latter (I.). When the mereur- 
ated esters are saponified by sodium hydroxide, and the resulting product 
treated with .sulphuric acid, water is eliminated between the hvdroxy- 
mereun and carboxyl groups, and an anhydride results (11.). ‘ 

<:«h 6 ch tin ax!* <yi 6 at tin c o 

OAlk UgOAe ()Alk Ilg O 

l- II. 

In the ease of /^-hydroxy naphthoic acid the mercury enters position 
1, and may !><• removed again by the action of iodine in potassium iodide 
solution. 

The mereuri bis compounds of the lucreuraled acids have been pre- 
pa led in u \ nricty ol ways. I he use oi sodium t hiosulphate, which was 
given as a fairly general method in the ease of mercurated amines, has 
only been used for acids in the preparation of the following: Mcreuri- 
las salicylic ethyl ester, meretiri-bis-2-aminohenzoie methyl ester, and 
the corresponding ethyl ester of the 4-aminobenzoie acid compound, 
liie following sulphides yield mereuri-bis compounds by the action of 
heat : o Sulphidomereuri benzoic acid, sulpliidomereuri salicylic methyl 
ester, and the sodium salt of o-Hulphidomemiri benzoic acid, the con- 
version in Hie latter case being brought about by boiling the aqueous 
solution. The interaction of mercuric cyanide and thiosalicylie acid in 
aqueous solut ion yields mereuri bix-o-thioUienzoic acid, no other organic 
mercury product being isolated. 

o-l h riroxyniereuri-p-iiitroiienzoie acid has been changed to the 
mereuri his compound by treatment with alkaline stannous chloride, and 
in the ease of the m-mtrnbeuzoie acid compound aluminium turnings in 

von. xi. : i. o 
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alkaline solution were used. Alkaline stannous chloride lias also born 
used for the transformation of p-ehloromercuri benzoic acid. 

The conversion of hydroxymereuri -salicylic acid to mereuri-bis- 
salicylie acid is accomplished by dissolving the compound in potassium 
hydroxide and treating the solution with formaldehyde sulphoxylute, 
and by similar means the sodium salt of mereurated hydroxy benzene 
sulphonie acid may be reduced. 

In the case of the aminobenzoie acids, the mereuri-bis derivatives 
have been prepared by the reduction of the hvdroxymcrcuri nitro- 
benzoie acids in neutral or alkaline solution. 

An interesting formation of a mereuri-bis compound is the trans- 
formation of the anhydride of a-hydroxymcrcuri-/J-m<‘ihoxy-^-phenyl- 
propionieacidtoa-mercuri-di-jS-anhydrohydn»xy-jSt-pheuylpropitmic acid, 
by suspending the former in water and treating it with potassium iodide. 

Certain mereurated acids have been tested with regard to their 
stability towards ammonium sulphide, with the following results: 
o-Chloromereuri benzoic methyl ester is only decomposed on prolonged 
warming, but a sulphide may be obtained by the action of methyl 
alcoholic hydrogen sulphide. 

o-Chloromereuri benzoyl chloride in ethereal solution gives a sulphide 
with hydrogen sulphide only after long treatment. 

The anhydride of tt-hydroxymereuri salicylic acid is decomposed 
when its warm solution is treated with ammonium or hydrogen sulphide. 

Acetoxymereuri salicylic methyl ester yields mercuric sulphide with 
cold alkali sulphides. 

N-Isodiaeetoxymereuri-2-amino or 4-ammobenzoie acid esters when, 
dissolved in acetic acid, and neutralised by ammonium hydroxide, are 
decomposed by ammonium sulphide, and a similar result is obtained 
when hydroxymereuri-2- or 4-nmhmbenzoie anhydrides are dissolved 
in ammonium hydroxide and treated with ammonium sulphide. The 
sodium salt of 2 : 2 , ~mereuri-bis~4~aminobenzoie acid is stable to hydrogen 
sulphide, and acetoxyniereuri^baininobeiv/oie ethyl ester only yields 
mercuric sulphide when boiled for a long time wit h ammonium sulphide. 

. The anhydride of a-hydroxymenmri-j9diyciroxy-/j-|iheuylpropit»ni4* 
acid in alkaline solutions only yields mercuric sulphide on long standing 
with ammonium sulphide; but if the /1-hydmxy group In* replaced by /b 
methoxy, the decomposition takes place immediately. 

a-Mercuri-di-^-anhydrohydroxy-j8-phenyIpn>pionie add is not d«- 
composed by ammonium sulphide. 

The following compounds when heated with hydrochloric acid vield 
mercuric chloride and an organic acid: The anhydride of o-hydroxv 
mcrcuri benzoic acid and the anhydride of «diy<irc*xy tuereuri-/J-hvtiroxy ■ - 
0-phenylpropionic acid, whilst o-chloromereuri benzoic methyl ester 
in decomposed by halogen acids, and cold dilute hydrochloric acid 
eliminates the acetoxymereuri group attached to the nitrogen in X- 
isodiaeetoxymereuri anthranilic methyl ester. 


Derivatives of Benzoic Acid and its Esters . 1 

Anhydride of o-hydroxymercuri benzoic acid mav be prepared 

as follows * 


* Dimroth, Ber., I m, 35 , 2853 : IV* i. Atti h\ Amul. 

I,}* U/J’ I0 » *• 413 ; H hitimms and Woodward, J, Atmr t ('h*m 

Sachs, Her., 1020, 53 , [B], 1727, 


IHHl. 1 v, I, 9, i. &V»; 

sw tt itrjii, 40, r»:m ; 
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' / 'Y | =0 

I >0 
\M 

. *.• Me . rcunc benzoate is heated in an oil-bath to 270° C. until a test 

hvdroxide VeS The P m C l+ 1 * ate ° f i “i ercuric oxide when treated with sodium 
and ether to free ? 1S 1 cooled ’ P°wdered, and washed with alcohol 

amount of dilute be ?f 0lC aCld ‘ Xt is then dissolve d in a small 

amount of dilute sodium carbonate and carbon dioxide passed through 

he o so t tl0n ’ * he anhydride being precipitated as a white powder. 

■ / . Mer curic acetate is heated with benzoic acid until no mercuric 
* l n e - 1S obtame( i b Y adding sodium hydroxide to a test portion. The 

“ft f?om e wbTcb tl? Wlt i h ^ m f 0niun l hydroxide to form the ammonium 
salt from which the anhydnde is isolated by adding acetic acid. 

- , b °niuni phthalate solution, mercuric acetate, and a little acetic 
acid are boiled for some time, when the anhydride is precipitated. The 

^dilute 1 SOl i lble “ ab or " anic solvents, but readily soluble 

ip dilute alkali or sodium carbonate. The latter solution wives a 

white precipitate with lead acetate, and blue-green with copper acetate. 
Treatment with sodium chloride yields the sodium salt of o-ehloro- 
mercuri benzoic acid, but boiling with hydrochloric acid gives benzoic 
' cid and mercuric chloride. Bromine reacts with the anhydride, forming 
o-bromobenzoic acid, and this, together with the fact that the anhydride 
+f n be P re P ar< r d from sodium phthalate, prove that the mercury is in 
le oitho position. . Pesci states that he also prepared the following 
salts : Ammonium, isoamyl and benzylammonium, barium, calcium, and 
magnesium. Also bromo- and iodo-mercuri benzoic acids are stated to 
have been prepared. 1 The sodium salt at 150° C. reacts with ethyl mer- 
captan according to the equation : y 

ClHg.C 6 H 4 . CO 2 H -f-HSEt = C 6 H s .CO 2 H + CIHg. SEt 2 

„ ° ■ Chloromercuri benzoic acid .—The crude anhydride obtained by 
esci is dissolved m concentrated sodium chloride and acetic acid added, 
the precipitate is recrystallised from much hot water. It melts with 
decomposition between 222° and 238° C. With ethyl mercaptan it yields 
ethyl thiomercunc chloride, EtS.HgCl. The sodium salt of the acid 
in acetone solution gives, with ethyl mercaptan, o-mercaptomercuri- 
benzoic acid, according to the equation : 


C 8 I-I 


/C0 2 Na 


\ 


'HgCl 


/CO -II 

+HSEt=C 6 H 4 <; +NaCl 

M-Ig.SEt 


. ^he compound may be recrystallised from acetone, and partly melts 
at 138*5 to 140 C. with decomposition. 

p-Chloromercuric benzoic acid is obtained from p-tolylmercuric 
chloride by oxidation with alkaline permanganate. It is a white 
amorphous powder which it is impossible to purify. Treatment with 
alcoholic iodine yields p-iodobenzoic acid. Boiling with dilute alcoholic 
sodium hydroxide gives sodium p-hydroxymercuribenzoate. The latter 
salt, with aqueous sodium bromide or iodide yields sodium p-bromo 

1 See German Patent, 229575. 2 Sacha, Ber., 1920, 53 , [B], 1737. 

3 Pesci, loa. cit, * 
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and pdodomercunbenzoate respectively. The eh loro compound reacts 
with phosphorous pentaehloride in chloroform, giving the and chloride, 
the latter on boiling with n-bulyl alcohol yielding pmhloromereuri* 
benzoic acid n -hut if l ester. 

o-Mercuri-bis-benzoic acid 1 2 may he obtained either by boiling 
an aqueous solution of the sodium salt of o-sulphidomerewri benzoic 
acid, S(IIg,C ( }Il ( |.C0 2 Na i ) 2 , or by saponification of o-mereuri bis- -benzoic 
methyl ester. It crystallises from alcohol in shining needles, insoluble 
in water, decomposing when heated, without inciting, 

p-Mercuri-bis-benzoic acid.- p-C’hlommeretiribenzoie acid is 
dissolved in sodium hydroxide and treated with stannous chloride. The 
sodium salt is very soluble in water. 

o-Ghloromercuribenzoic methyl ester. 3 Twenty grams of 
finely powdered mercuric acetate, *20 grams of benzoic methyl ester, and 
0 grams of acetic acid arc gently boiled, the reaction taking three to 
four hours for completion. Tin* mixture is filtered and evaporated 
in vacuo , 10 grains of a yellowish oil being obtained. Acetone is added 
until no further precipitate is formed, the latter consisting of 5*0 grams 
of diaeetoxymereuri compound. Tin* acetone filtrate on evaporation 
yields 18*8 grains of yellow resin, which is mainly a mono substitution 
product. It is dissolved in dilute alcohol and treated with sodium 
chloride, when 9- 1 grams of the o-chloromereuri compound are deposited, 
It is fairly soluble in the usual organic solvents, insoluble in water or 
petroleum ether. From dilute alcohol or ethyl acetate H crystallises 
in needles, sintering at 142“ C. and melting at 192 t\ Ammonium 
sulphide only splits off the mercury on prolonged wanning, but halogen 
acids, especially hydriodie acid, readily decompose it. Stannous 
chloride in alkaline solution immediately reacts, metallic mercury 
separating. 

When the chloride is dissolved in warm methyl alcohol, and treated 
with a methyl alcoholic solution of hydrogen sulphide ( A mob), which 
has been saturated at about 2“ a white amorphous precipitate 
of sulphidonieren rihenzoie methyl ester is obtained. The quantity of 
hydrogen sulphide present is controlled bv titration, as excess dissolves 
the sulphide. It is easily soluble in chloroform, benzene, or aniline, 
but only slightly in other organic solvents, 

o-Mercuri-bis-benzolc methyl ester, I Ig(C n l I v Vi M )Mc ) a . Se\ eu 
grams of the above sulphide are heated for three hours at" 120 (*., 

then cooled, powdered, and extracted with ethyl acetate. Spontaneous 
evaporation of the solution gives 4*1 grams of white crystals, Yield 
90 per cent. When saponified it gives o-mercuriddsdamKoie acid. 

o-Chloromercuribenzoyl chloride. 4 Five grams t*f the anln dride 
of o-hydroxymereuribenzoic acid is treated with 15 grams of thiouyl 
chloride, when a vigorous reaction takes place accompanied by frothing. 
The solid after filtration consists of microscopic? needles and an amorphous 
product, extraction with benzene leaving the hulk of the latter behind. 
From the benzene solution 8*5 grams of substance are obtained, which 
does not completely melt at 178*5“ C. Prolonged treatment with 
hydrogen sulphide in ethereal solution gives (usntphiihmereurilnnizoyl 

1 Schoellor, Helminth, and H enter, Ber. f 1020, 53 , flit 03K ; IWi, Atti. ii , Amah 
Lined, 1900, [v.], 9 , L 255; 1901, [y/], to, L 302 413, ' 

2 Whitmore and Woodward, J. 'Amur, (■hem. Sue., 19211, 48 , 533 , 

a Hehoeller, Scrauth, and Heuter, he. cit. * *Sne!m, lit r . , 192(1, 53 , f ft), 1737 
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chloride, S(n-.t' li U, s .C'(K'I)., 1 which remains mundted at 230° 0 When 
nninl with methyl alcohol, the sulphide produces o-chloromercuri 
benzoic methyl ester. 

o-Chloromercuri thiobenzolc ethyl ester is obtained from 
eitloromennmben/oyl chloride by dissolving it j u hot benzene and 
adding ethyl mercaptan in benzene solution through a dropping' funnel. 
^ r r * Vs l\ llIi r iro j n a I<*ohol in pale yellow, microscopic, rhomboidal 
P* li os ; ^*1^* 1 to M4d> (\, soluble in ether. benzene, chloroform, 
or acetone. Its constitution is probably represented by 

cl ng.o e ii 4 .co.sKt. 

Dkhivativms ok TmoLBKNzorc Acid. 

Mercuri-his-o-thlolhenzoicacid, is prepared 

hy tiie internet itm of mercuric cyanide and thiosalieylie acid in aqueous 
solution. It crystallises in needles, M.pt. 25(1 u C., and is practically 
insoluble in water and the usual organic solvents. 

Anhydride of hydroxy mercuri thiolbenzoic acid, 

XX) 8 .- y 

Absolution of thiosalieylie aeid in aleohol is treated with water until 
taint turbidity is produced, then an aqueous solution of mercuric acetate 
mols.) slowly added. The precipitate is boiled with aleohol 
to remove impurities, then treated with a mixture of ammonium 
hydroxide and carbonate until complete solution is obtained. The 
Id! tor is filtered hot, and treated with acetic acid until faintly opalescent. 
On cooling, the anhydride crystallises in pale yellow* microscopic rods. 
\ ield 50 per cent, When boiled with a concentrated solution of sodium 
chloride, and the solution tillered and treated with acetic acid, impure 
tht'hlttronmruri th'mUx'nzmv ami is precipitated. When the latter 
compound or the anhydride arc dissolved in concentrated ammonium 
hydroxide, a substance crystallising in plates, M.pt. 20(1” C. with decom- 
position* is produced. Its formula corresponds to (’i.in ltt ()«,N a S a IIg 8 . 
Some mereuridus thiolbenzoic aeid is also formed, 

Diauv \TtvKs ok NmurnKNzou* Acids. 

o - Mercuri- bis* p - nltrohenzolc acid A o - Hydroxymereuri - p- 
uitrobenzoie acid (1 15 grams) is dissolved in about* 1500 <\c. of water 
with the aid of sodium hydroxide, and treated with an alkaline solution 
of loo to 150 grams of stannous chloride, until a filtered lest on the. 
addition of stannous chloride gives no mercury. The mixture is then 
warmed for a time to complete the reaction and filtered. The filtrate is 
acidified with hydrochloric aeid, the compound coming down as a yellow 
powder. It is soluble in water or alcohol, but not in benzene, toluene, 
ethyl acetate, or mineral acids. The .sodium salt is a yellow powder, 
soluble in water, the solution giving precipitates with practically all 
metallic sails, 

A similar type of compound has been obtained from m~nitrobv azote 

* Hm'tmimd Btmh Hm, 11125, 58 * [B], 1407. 

3 Herman Patent, 251232, 
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acid . The reduction in this case is carried out with aluminium turnings 
in alkaline solution. The compound has similar properties to the above. 

Phenol disulphonic acid and mercuric acetate in equimolecular pro- 
portions react to give a compound containing about 40 per cent, of 
mercury. It is soluble in water and does not precipitate albumen in the 
cold. 1 


Derivatives of Salicylic Acid and its Esters. 


Anhydride of 3 -Hydroxy mercuri - salicyl ic acid, 



When dry mercury salicylate is heated for a long time at 100° C. it is 
found that a test portion no longer gives a precipitate with sodium 
hydroxide. If the reaction be carried out at 120° C. the change takes 
place more rapidly, and the same product is obtained when equimolec- 
ular proportions of freshly precipitated mercuric oxide and salicylic 
acid are heated for a long time on the water-bath in aqueous solution. 2 
It forms a white mass, soluble in alkali, but cannot be crystallised from 
solvents, and is decomposed on heating, without melting. When 
warmed with hydrogen sulphide or alkali sulphides it undergoes decom- 
position. The hydroxymercuri group is replaced by the action of iodine, 
o-iodo-salicylic acid being formed, this proving that the mercury occupies 
the ortho position to the hydroxyl group. The compound has been 
purified by treating it with ammonium carbonate solution, when the 
ammonium salt is formed, H0.IIg.C 6 H 3 .0H.C0 2 NH 4 , and decomposing 
this by dilute acetic acid. 3 

3 -Ghloromercuri- salicylic acid, ClHg.C 6 H 3 .OH.COOII.— This 
acid is obtained from the corresponding sodium or calcium salts by the 
addition of dilute acetic acid. It crystallises in needles from boiling 
water or methyl alcohol. The sodium and potassium salts are known, 
and the lithium salt is prepared from the anhydride and lithium chloride 
solution. Both this and the calcium salt form thin needles, which are 
more soluble in cold than hot water. Bromomercuri-salicylic acid , 
obtained by the interaction of the acid and potassium bromide, is pre- 
cipitated by acetic acid, and forms colourless crystals, insoluble in water, 
but slightly soluble in boiling alcohol. The corresponding iodomercuri 
acid has also been described. 

Mercuri-bis -salicylic acid. 4 — The anhydride of hydroxy mercuri 
salicylic acid (33*6 parts) is dissolved in 5*6 parts of potassium 
hydroxide in 300 parts of water, and a solution of 7*7 parts of sodium 


1 The following patents also deal with benzoic acids : German Patent, 23914 
o-chlorobenzoic acid, o-iodobenzoic acid, o-toluic acid. Ibid., 249332, addition to above • 
1 : 4-dimethyl-2-b e nzoic acid, trimethylbenzoic acid, 3 : 4-dimethoxy benzoic acid, 3:5- 
dibromobenzoic acid Ibid., 234054, 261875, o-clilorobenzoio acid. Ibid., 290210, sodium 
“mp?unds enZ ° ate ' Ibld " 407669 ’ 413835 ’ P-benzyloxybenzoic anhydride and similar 

2 Dimroth, Ber., 1902, 35, 2873. 

3 Buroni, Gazzetta, 1902, 32, n. 305, 311 ; Cham. Zentr., 1903, i. 578 ; Brieeer Arch 

Pharm., 1912, 250, 62 ; Chem. Zentr., 1912, i. 753. ® ’ 

4 German Patent, 255030. 
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formaldehyde sulphoxylate in about 100 parts of water added with 
stirring. The mixture is left until clear, filtered, and treated with dilute 
acid. The white precipitate is dissolved in sodium hydroxide and 
changed to the sodium salt, which may be obtained in the solid form by 
evaporation in vacuo. The free acid is a white, heavy, water-insoluble 
powder. It has no melting-point, but decomposes at high temperatures. 
It yields salts with alkalies or alkali carbonates. 

By a similar method of reduction a mercuri-bis compound may be 
obtained from mercurated 2-hydroxybenzene sulphonic acid (sodium 
salt). 

More recent investigators 1 contend that salicylic acid can only be 
mercurated to give pure products when mercuric sulphate is used. A 
mixture of the anhydrides of o- and p-hydroxymercuri-salicylic acids is 
formed, the latter yielding p-thiocyanomercuri-salicylic acid with potas- 
sium or ammonium thiocyanates, and sodium p-sodium sulphitomercuri - 
salicylate with sodium sulphite. 

3-Chloromercuri-salicylic methyl ester, 

C0 2 Me 

gCl 

The ester is obtained by adding sodium chloride to the mother- 
liquors obtained in the preparation of the acetoxy compound described 
below, from which 6 grams of substance are obtainable. It is soluble in 
alcohol, but in other organic solvents less soluble than the acetate. 

Acetoxymercuri -salicylic methyl ester. — Fifteen grams of 
mercuric acetate, an equal weight of the ester, and 2*5 grams of acetic 
acid are boiled under reflux for about forty minutes, until the reaction is 
complete. On cooling, needles separate, and after standing overnight 
these are filtered off. Yield 9 grams, 52 per cent. It melts at 202° C. 
(corr. ) and is readily soluble in warm alcohols, ethyl acetate, acetone, or 
chloroform, but with difficulty in water or petroleum ether. In alkali 
it is soluble, but the ester is saponified. 

Sulphidomercuri-salicylic methyl ester, S(Hg.C 6 H 3 .OH.COO 
Me) 2 . — To a cold, saturated, alcoholic solution containing 10 grams 
of the acetoxy ester, 35 c.c. of an alkali hydrogen sulphide solution 
saturated at 20° C. are added dropwise. This is the requisite quantity 
required to form the neutral sulphide, and excess should be avoided or 
an acid sulphide is formed, which is markedly soluble. The precipitate 
is filtered off, pressed on a tile and dried in vacuo , 7-5 grams (85 per cent.) 
of a white powder being obtained. It is soluble in chloroform, benzene, 
aniline, dilute aqueous alkali or alkali sulphides. 

Mercuri-bis -salicylic methyl ester, Hg(C 6 H 3 .0H.C0 2 Me) 2 . — 
Ten grams of the above sulphide are heated for six hours at 110° C., and 
the mass powdered and extracted with 120 c.c. of ethyl acetate, 0*8 gram, 
12 per cent., of the ester being isolated. It is soluble in the usual solvents 
and melts at 170° to 180° C. (corr.). 

Acetoxymercuri-salicylic ethyl ester. — This product is not so 
readily formed as the methyl ester, but if the reaction is carried out 
at 180° C. the yield is almost quantitative. It crystallises from ethyl 

1 Rupp and Gersch, Arch. Pharm., 1927, 265, 323. 
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acetate-ligroin mixture in needles, sintering at 200° C. and melting at 
206° C. (corr.). 

When 12 grams of the acetate are powdered and dissolved m 120 c.c. 
of cold, saturated sodium thiosulphate solution, a precipitate is im- 
mediately thrown down. This is filtered after six hours and dried. 
It consists of mercuri-bis-salicylic ethyl ester , 6-2 grams, 82 per cent., 
yield. It melts at 193° C. (corr.) and has similar properties and solu- 
bilities to the methyl compound. 

3-Chloromercuri-5-nitrosalicylic acid. 1 — 5-Nitrosalicylic acid 
is heated with 2 mols. of freshly precipitated mercuric oxide in 
aqueous suspension for twelve hours at 100° C. The resulting orange 
product is filtered, washed, and dried. When warmed with alkali, part 
of the mercury is split off as mercuric oxide and is filtered off. The 
solution is cooled, filtered, and acidified with hydrochloric acid, when a 
precipitate consisting of mono and dimercurated derivatives is thrown 
down. This is treated with boiling 50 per cent, methyl alcohol, when 
the mono compound goes into solution, and the mixture is filtered 
through a hot-water funnel. Both compounds are thus isolated, 
the mono-chloro compound melting at 235° C. and the dichloro at 
238° C. 

Diacetoxymercuri-5-nitrosalicylic acid is obtained by heating 
5-nitrosalicylic acid with 2 mols. of mercuric oxide in hot glacial acetic 
acid, filtering whilst hot and cooling, when white crystals are deposited. 
These are recrystallised from acetic acid and become pale yellow when 
dry. 

Several cyanomercuri-salicylic acids have recently been described, 
but difference of opinion seems to obtain regarding their mode of 
formation. 2, 3 


Derivatives of Anthranilic Acid . 3 4 , 

N-Isodiacetoxymercuri-anthranilic methyl ester. — One gram 
of anthranilic methyl ester is added to a solution of 2-4 grams of 
mercuric acetate dissolved in 25 c.c. of 80 per cent, methyl alcohol. 
Flocks separate in a few minutes, and after about 1*5 hours no mercury 
ions can be detected when tested for by sodium hydroxide. If allowed 
to stand for a long time the crystals become yellow and change to 
acetoxymercuri-anthranilic ester, according to the scheme shown below 
in (I.). To remove any by-products from the iso compound it is 
thoroughly washed with methyl alcohol and dried with ether. When 
its acetic acid solution is neutralised by ammonium hydroxide, then 
treated with ammonium sulphide, a precipitate of mercuric sulphide 
is deposited, showing that the mercury residue is substituted in the 
amino group. When digested with cold dilute hydrochloric acid, an 
acetoxymercuri group is split off, and chloromercuri anthranilic acid 


1 Raiziss and Proskouriakoff, J. Amer. Ghem. Soc 1922, 44 , 787. 

2 Boedecker and Wunstorf, Arch. Pharm ., 1925, 263 , 430 ; Gersch, ibid., 1926 
264 , 88 . 


3 The following German patents taken out in 1909 deal with the mercuration of salicylic 
acid derivatives : 224435, 224864, 227391, 229574, 229575, 229781. Ibid., 261875, o-chloro- 
benzoic acid, salicylic acid. German Patent, 30511, British Patent, 161922 (1909) 
Irydro^xyinercuri salicylic anhydrides. German Patent, 216267, salicylsulphonic acid 
(COOH : OH : S0 3 H — 1 : 2 : 5). Ibid., 248291, glycol ester of salicylic acid. 

4 Schoeller and Hueter, Ber., 1914, 47 , 1930. 
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methyl osh-r is formed (II.) The iso impound is soluble in ammonium 
hydroxide, m-etie neid. hot water, and hot alcohols, but insoluble in 
acetone, chloroform, benzene, or petroleum ether. The hot aqueous 
or alcoholic solutions set to a jelly on cooling. 


L 


N H, HgOAo MI, 





/\ 


iCOOMe 


NH 

/\ 


iCOOMo 


\/ 


2CH-COOH 


\/ 

HgOAc 


NH fl 


* Off " v 


iCOOMo 


\/ 

HgOAc 


II. 


Nil HgOAc 

f ' rooMt* 

I f3H0!« 

\ / 

HgOAc 


NH 2 

j^OOOMo 

1 I + HgOl a +2CH 3 . CO. Oil 


Acetoxymercuri-anthranUic methyl ester may be obtained: 

1, From tin 4 preceding N-iso-diaeotoxy compound. 2*5 grams of the 
lat ter arc suspended in 15 e.e. of methyl alcohol and 0*0 gram (I mol.) 
ot methyl anthrnminte in 2 c.<‘. of acetic* acid added, the whole being 
heated for thirty minutes on the water-bath. The mass is then allowed 
to stand for twenty. four hours in theiee-ehest, filtered, and dried in twcwo 
over sulphuric acid. Yield 2*0 grains. 

2. Nine grams of methyl nnthranilate is added to a warm solution 
of 22*5 grams of mercuric acetate (1 mol.) in 100 c.c, of methyl 
alcohol containing 10 e,e, of acetic acid. After fifteen minutes’ heating 
at 50 t\ the reaction is complete, and the product is cooled overnight in 
ice, when the ester crystallises out in pale yellow needles. These are 
filtered and washed with methyl alcohol and dry ether. Yield 22 grams, 
00 per cent. The crystals melt to a yellow liquid at 178° to 180° C., 
which decomposes at 180 * to 182“ C» The compound is readily soluble 
in boiling water, hot alcohols, or acetic acid, sparingly soluble in benzene, 
ethyl acetate or acetone, very slightly soluble in chloroform or petroleum 
ether. 

t)hiectoxyfnercuri*anthranili€ methyl ester results as follows : — 

! . Three grams of the N-iso compound are heated with 2*5 grams 
of acetic acid in 20 c.c, of methyl alcohol for about an hour at 50° C. 
The mixture is cooled to 0 C n filtered, washed with methyl alcohol, and 
dried. Yield 2*0 grams, M.pfc. 218° to 220“ C, 

2. Methyl antlirimilate (1 mol.) is heated with 2 mols. of mercuric 
acetate in methyl alcohol-acetic acid mixture at 50“ 0, until a test gives 
no reaction with ammonium sulphide. The product thus obtained 
melts at 22 1 ' to 222* 15, is soluble in the usual organic solvents, but less 
readily t him the mono-substitution products. The structural formula 
is shown above, 

Clhloromereiiri - anthranilie methyl ester is obtained, as 
previously stated, by treating the N-iso compound with cold dilute 
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hydrochloric acid. It also results by the addition of aqueous sodium 
chloride to an alcoholic solution of the acetoxymercuri compound. It 
forms small needles or rods, M.pt. 184° C., soluble in the usual organic 
solvents. The corresponding bromide crystallises in fine needles, M.pt. 
178° (darkening) ; the iodide sinters at 172° C., melting at 173° to 174° C. 
to a brown liquid. 

Hydroxymercuri anthranilic anhydride, 


NH 2 

A - 00 

I ‘ 


Hg— 0 


This compound is obtained as follows : — 

1. The monoacetoxy compound in aqueous suspension and 2-25 
mols. of Normal sodium hydroxide are boiled for a short time, when the 
acetate group is split off, the sodium salt of hydroxymercuri anthranilic 
acid being formed. The cooled solution is treated with cold Normal sul- 
phuric acid, the anhydride being precipitated, filtered, washed with 
water, and dried. 

2. Steam is blown through an equimolecular mixture of pure anthran- 
ilic acid and yellow mercuric oxide for two to three hours, until a test 
portion gives a clear solution in alkali. The product is purified by 
solution in sodium hydroxide and precipitation by sulphuric acid. 
Yield 96 per cent. 

The compound is a faint yellow, amorphous powder. Prep. 1 has M.pt. 
212° to 214° C. (darkening). Prep. 2 has M.pt. 210° C. It is readily 
soluble in aqueous potassium iodide, cyanide, or sodium thiosulphate, 
not so easily in potassium bromide, and still less in potassium chloride ; 
rather insoluble in the usual organic solvents. When dissolved in caustic 
alkali or carbonates it may be precipitated unchanged by acids. Aqueous 
alkaline solution gives, with aqueous solutions of heavy metal salts, a 
corresponding salt in the form of an amorphous precipitate. The 
copper salt is a bright green substance. The ammoniacal solution when 
treated with ammonium sulphide and warmed gives a deposit of mercuric 
sulphide. If the hydroxy compound be treated with potassium iodide 
in aqueous solution, iodomercuri- anthranilic acid is deposited as a white 
powder on the addition of the calculated amount of sulphuric acid; 
but if iodine in potassium iodide be used, iodoanthranilic acid is 
produced. 

Dihy dr oxy mercur i - anthranilic anhydride , 


NH a 

HOHg~/\cO 

I I 
\/ . 

Hg — 0 

This substance is prepared in the same way as the preceding anhydride, 
using the diacetoxymercuri compound as the starting material. It is a 
pale yellowish-green, amorphous powder. 

^ TT ^ Cet ?^ yi ^ erc ^ i ' acetylanthranilic “ethyl ester, AcOHg.C.II- 
(NHAc).CO a Me. The acetylated ester is heated with mercuric acetate 
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in an oil-bath for thirty minutes at 120 ° to 1 ,*10 ' C. The excess of ester 
is then extracted with ether and the mercury compound recrystallised 
from very dilute alcohol. It crystallises in glistening plates, M.pt. 21.2° 
extremely soluble in all organic solvents except, ether or petroleum. 
If the above reaction be carried out in cold methyl alcohol solution, only 
a 10 per cent, yield is obtained in 15 days, but two hours’ boiling in 
aqueous solut ion or seven hours in methyl alcohol completes the reaction. 
The alcoholic mother-liquors from the crystallisation, when treated with 
sodium chloride, give the corresponding c'/derd/c, line needles from boiling 
ethyl acetate, M.pt, 245” to 2« 1 ’ 

Mercuri-bis-anthranilic methyl ester, 

N H a NH, 

Mr( -< | 

II I I 
u« .N/ 

'hen grams of the acetate in a 75 per cent, alcohol solution are treated 
with a very concentrated aqueous solution containing about 20 grams of 
sodium thiosulphate. A white, amorphous precipitate at. once appears, 
and the mixture is raised to 45° (’. and maintained at that temperature 
for about 1-5 hours. The product is then evaporated in vacuo, when 7-5 
grains of dry substance arc obtained. It is purified by dissolving in 
ethyl acetate, filtering, concentrating the solution, then’ adding petro- 
leum ether <lropwi.se until the mixture becomes opalescent. On 
intense cooling, light yellow needles are deposited ( t-5 grains, <15 per 
cent.). The ester melts at. Hit!” to I!i7 (’. (eorr.) with darkening. 
It is soluble in the usual solvents, with the exception of wafer and 
petroleum ether. 1 

Acctoxymcrcurl-mcthylanthranilic methyl ester, 

Nil Me 

1 I 

ilgOAc 

The ester is obtaiued in 517 per cent, yield by adding the met hyl ester of 
methyl mithranilie aeid to mercuric "acetate solution in methyl alcohol, 
the reaction being complete in about thirty minutes. It forms line 
needles, M.pt. 200 easily soluble in chloroform, hot acetic aeid, boiling 
alcohols, ethyl acetate, acetone, or benzol, slightly soluble in cold 
water. 

The corresponding chUmimemiri compound crystallises in white 
needles, M.pt, 210' to 212" in-coming violet.; th i' bromide has M.pt.. 
215” t'., turning violet ; hditle, needles, M.pt. ISIO” to HU darkening 
at IKS'* ('. 

llyclroxymercuri-methylanthranilic anhydride. Prepared ir 
the usual manner from the acctoxymcreuri compound it is obtained ii 
51S1-2 per cent, yield. It is a greenish-yellow, amorphous preeipitat 
decomposing at 200 When prcpurcti from methylanthranilie nc 
and yellow mercuric oxide tin- reaction is complete in fifteen minute 

1 Buhoetler, Sehniuth, and Hut-ter, lit r., 1020, 53, [1S|, <112, 
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The iodomercuri-methylanthranilic acid may be prepared from it. It 
is more stable towards acids than the unmethylated compound, and 
is insoluble in the usual organic solvents. 

Acetoxymercuri - ethylanthranilic ethyl ester, M.pt. 178° C. 
(decomp.), is soluble in the usual solvents on warming, and crystallises 
from alcohol in needles, the corresponding methyl ester forming needles, 
M.pt. 189° C. 

Acetoxymercuri-dimethylanthranilic methyl ester forms thick, 
prismatic crystals from methyl alcohol, M.pt. 134° G., and is easily 
soluble in the common solvents. Prepared in the, usual way the reaction 
is complete in about three hours. The chloride forms strongly refracting 
prisms, M.pt. 162° to 163° C. ; the bromide , white needles, M.pt. 164° 0. ; 
iodide , thick prisms, M.pt. 159° C. ; the chloride and bromide contain 
1 mol. of water of crystallisation. 

Sulphatomercuri-dimethylanthranilic acid, S0 4 (HgC e II.,.NMe a . 
C0 2 H) 2 ,3H 2 0. — The acetoxy compound is boiled for fifteen minutes 
with Normal sodium hydroxide, and the solution treated with Normal 
sulphuric acid. After cooling for twenty-four hours in ice, thick prisms 
are obtained, which on crystallisation from alcohol form small, white 
needles. These contain 3 mols. of water, and when heated slowly 
decompose towards 180° C. It is easily soluble in hot water, but insoluble 
in the usual organic solvents. It should be noted that when other 
acetoxymercuri compounds are treated in the above manner the anhy- 
drides are isolated. 

The chloromercuri derivative is prepared by saponifying the acetoxy 
compound and adding Normal hydrochloric acid. It crystallises from 
boiling water in prisms, M.pt. 175° C. with decomposition, and is spar- 
ingly soluble in organic solvents. 

6 : 6 , -Mercuri-bis-2-aminobenzoic acid. — From 30 grams of 
mercury o-nitro benzoate treated in the same way as the para compound, 
27*5 grams of the anhydride of hydroxymercuri-o-nitrol)enzoic acid arc 
isolated. This is then reduced with ferrous carbonate as before. The 
product is pale yellow, easily soluble in acids or alkalies, and has no 
definite melting-point. 1 


Derivatives of Meta-aminobenzoic Acid. 

From m-Acetaminobenzoic acid. 4 — m-Acetaminobcnzoie acid ( 5:5 
grams) in sodium hydroxide is treated with a solution of 48 grams of 
mercuric acetate. The precipitate is the mercury salt of m-acetamino- 
benzoic acid, which is dried and heated at 150° to 175° 0 until a test 
gives a clear solution in sodium hydroxide. The melt is extracted with 
boiling alcohol, the residue dissolved in sodium hydroxide, and the 
compound precipitated by hydrochloric acid. It is filtered, dried, and 

aho7t fr ° m me , thyl , a i ( ? ohoL , forms white needles, melting 
about 200 C„ very easily soluble m alkalies. From the aqueous solution 

of the sodium salt other salts may be obtained in the usual way. The 
constitution is as follows : — y 


i The following deal with mercurated anthranilie acids : German 1 'atont 214014. 
ant 2 r Q^^ a ^ 1 p^ e ^.^264338^’ m6thyl eSt ° r ° f ^“-ilio S at ° nt ’ 
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NH.Ac 

n 

l^y'COoH 

HgCl 

Ihc method may be varied by heating m-aeetaminobenzoic acid with 
mercuric oxide m an oil-bath, first at 210° C. until the product becomes 
giey, then lor a lurther two hours at 220° C. If the mercuric oxide be 
leplaeed by the acetate, heating at 180° C. for three to four hours will 
complete the reaction. 

In a similar way the corresponding m-benzoylaminobenzoic acid 
derivative is prepared. It melts at about 220° C. with decomposition, 
and has properties similar to the acetyl compound. 

Mercuri-bis-3-aminobenzoic acid. — m-Nitrobenzoic acid and 
meieuric oxide are heated at 200° C. until the reaction is complete. The 
result is the mercurated nitro compound, and this is reduced in neutral 
solution with aluminium-mercury couple at 40° to 50° C. to the amine. 
It has similar properties to the para compound. 

h rom p-Aminobenzoic acid: 2: 2 / -Mercuri-bis-4-aminobenzoic 
acid. Se vei ity-1 ive grams ol the mercury salt of p-nitrobenzoic acid 
is heated at about 225° C. until a test of the reaction product gives a 
clear solution in sodium hydroxide. This usually takes about three 
hours- The mass is then cooled, extracted with alcohol, and dried. The 
dry product (38 grams) is dissolved in about 600 grams of 15 per cent, 
sodium hydroxide and boiled. The boiling solution is treated with a 
solution ol lerrous sulphate to bring about the reduction, approximately 
225 grams ol the iron salt being required. The mixture is filtered and 
l, he liltrate strongly acidified with hydrochloric acid, the compound 
separating as a voluminous precipitate. It is insoluble in the usual 
solvents, but dissolves in alkalies or hot hydrochloric acid, a crystalline 
hydrochloride separating from the latter in line, microscopic needles. 
The sodium salt of the acid is a pale yellow, crystalline powder, easily 
soluble in water, the solution becoming brown on standing for a long 
time. When hydrogen sulphide is passed through the solution no mer- 
eurie sulphide is precipitated. The constitution is as follows : — 



It may also be obtained by alkaline or neutral reduction of the deriva- 
tive's of hydroxymercuri -p-nitrobenzoic acid . 2 

N-Isodiacetoxymereiiri-p-aminobenzoic ethyl ester. 3 — 

NH.HgOAc 

/\HgOAo 

x / 1 

C0 a Et 


1 (Herman Patent, 249725. 

2 See Blunumthal and Oppunhoim, Biochem. Zeit 1913, 57, 201. 

3 Hchocller, Sohrautli, and Licse, Ber. 7 1919, 52, [B], 1777. 
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Two grams of the ethyl ester (1 mol.) in 10 c.c. of methyl alcohol 
are added to 8 grams of mercuric acetate (2 mols. ) in 50 c.c. of the 
same solvent, and the mixture allowed to stand for a day. A pale 
yellow, non-crystalline product separates out, and this is filtered and 
washed with methyl alcohol and ether. Yield 7*7 grams, 93 per cent. 
It cannot be recrystallised, melts about 245° C., and is soluble in am- 
monium hydroxide, acetic acid or mineral acids, but with decomposition 
in the latter; in the usual organic solvents it is practically insoluble. 
Its acetic acid solution after neutralisation with ammonium hydroxide 
splits off mercuric sulphide when treated with cold ammonium 
sulphide. 

When dissolved in acetic acid-methyl alcohol mixture and warmed, 
then treated with aqueous sodium chloride, chloromercuri-p-ammobenzoic 
ethyl ester is precipitated. 


NH.HgOAc 

/VgOAc 


I I 

\y 

C0,Et 


+3NaCl+CH 3 CO.OH 


NH 2 

^HgCl 

k/ 1 

C0 2 Et 


+HgCl 2 -f-3CH 3 CO.ONa 


The same product may be obtained by treating the acetate with 
sodium chloride. The yield by the first method is 94 per cent., and 
when recrystallised from ethyl acetate the M.pt. is 223° C. 

Mercuric acetate salt of acetoxymercuri-p-aminobenzoic acid 
ethyl ester. 


CH3.CO2H.NH- 

A&OHg/N 


-Hg- 


— NH.CH,.CO a H 
/NHgOAc 


\/ 

COjjEt 


\/ 

COoEt 


Four grams of the ethyl ester of p-aminobenz'oic acid in 8 c.c. of methyl 
alcohol are mixed with 8-4 c.c. of mercuric acetate in 16 c.c. of methyl 
alcohol and 8 c.c. of acetic acid. The salt soon separates, and is filtered 
and washed with alcohol and ether. Yield 8 grams. It forms micro- 
scopic, rhombic crystals, M.pt. 230° to 240° C., is soluble in ammonium 
hydroxide or acids with decomposition, and to a slight extent in cold 
methyl alcohol, ethyl acetate, or acetone. -Ammonium sulphide decom- 
poses it in the cold. When the substance is dissolved in methyl alcohol 
containing a small quantity of acetic acid, treated with dilute acetic 
acid, then with Normal sodium chloride solution, chloronercuri-p- 
aminobenzoic ethyl ester is precipitated. The filtrate is made alkaline 
with ammonium ^hydroxide, and the solution saturated with hydrogen 
sulphide, mercuric sulphide being obtained in a quantity correspond- 
ing to one-third of the mercury originally present in the mercuric 
acetate salt. 

When the substance is boiled with methyl alcohol for about two 

h0 ^%Y 1S ° dlaC f OX y mercuri -P- aminobenzoic ethyl ester separates out, 
and if the mother-liquors are diluted with water, acetoxymercuri- 
p-ammobenzoic acid ethyl ester, M.pt. 228° C., is obtained. 

. JU be met -hyl alcohol in the above operation be replaced by acetic 
acid, the resulting products are the mono- and diaeetoxymercuri com- 
pounds. These_changes are shown below : 


MERCURY. 


175 
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Acetoxymercuri-p-uminobenzolc ethyl ester. ~A mixture of 

J! grains of the ethyl ester mi<l «•{) grains of mercuric acetate is heated 
m a fflyeenue oath. At B$0" (', the mass becomes liquid and acetic 
acid is evolved, and as the temperature rises to 1($<>° C. the melt solidifies. 
The product is cooled, pulverised, and extracted with methyl alcohol, 
the solution partly evaporated and diluted with hot water. The acetate 
crystallises in shining, bushy needles as the solution cools. Yield 
*2%*J grants. 

Using the same quantity of starting material and carrying out the 
mereurntion in acetic acid solution, t he reaction takes twenty-four hours, 
and :t a grains of product are isolated. Both methods give a certain 
amount of dmeetuxyinereuri derivative, which remains behind durum 
the methyl alcohol extraction. 

The compound melts at. IK!> a t’., then solidities, and melts again at 
~~ K U. It is only slightly soluble in ether or petroleum ether, hut. 
soluble in other organic solvents. With ammonium sulphide it gives 
a yellow xulpltidr, but prolonged boiling with this reagent precipitates 
black mercuric sulphide. It is converted to the chloromercuri compound 
when treated with sodium chloride. 


Hydroxymercurl-p-amlnobenzolc anhydride. 


NU a 

S\ Hg 


00- o 


The preceding ueetoxymereuri compound (IM grams) is powdered, sus- 
pended in 40 e.c, of wafer and boiled for a short time with 10*5 e.e. of 
Normal sodium hydroxide (2*25 mots.). The addition of 9*2 e.e. (1*25 
nails.) of Normal sulphuric acid precipitates the anhydride in white 
Hocks, excess of acid being avoided or the anhydride will dissolve, form- 
ing salts, Yield 2*4 grams. It is only slightly soluble in the usual 
solvents. The ammouiaeal solution gives mercuric sulphide, if warmed 
with ammonium sulphide. It dissolves in water, and aqueous solutions 
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of potassium chloride, iodide, or sodium thiosulphate; whilst in Imsvs it 
is soluble, forming salts. 

Diacetoxymercuri-p-ammobenzoic ethyl ester. One method 
of preparation has already been mentioned ami two others are available. 
(a) By heating the N-iso compound with aeetie aeid ; (A) l gram of the 
ethyl ester in 3 c.e. of aeetie aeid is treated with 4-2 grams (2 mots, j of 
mercuric acetate in 10 e.e. of the same solvent. After several days 
the crystals are filtered off and washed with methyl alcohol and el her. 
Yield 1*4 grams. It; melts at 255” to 257 i\, and is rather insoluble, 
except in aeetie aeid or ethyl acetate. Heating with aeetie anhydride 
in acetic acid solution produces an atrft/I derivative, line needles from 
dilute alcohol, M.pt. 247° V. The addition of hot Normal sodium chloride 
solution to the compound in methyl alcohol-acetic aeid mixture gives a 
theoretical yield of the dit'hltmmu'rt'uri compound. It crystallises in 
small needles, which melt at about 270 (V 

Mcrcuri-bis-p-aminobenzoic ethyl ester, 1 Ig(<\I I ,.\U ..t o. 
0Et) 2 .“ The corresponding chloromcreuri hotly is heated with atpitcous 
sodium thiosulphate, a llomilvnt precipitate soon forming. This crystal 
Uses from ethyl acetate in shining needles, M.pt, 170' ( Y’ 


Dkiuvativks ok Cinnamic Avw and its Kntkkn, 


Biilman 8 has shown that when tin* mahatoid I onus of comptmmis 
containing olefine linkages contain two negative groups, they react 
with mercuric salts to form complex mercury compounds,’ Since 
allociimamic acid reacts with mercuric chloride in this manner, whilst 
ordinary cinnamic aeid does not, the conclusion has been drawn that 
the allociimamic acid has the m configuration. 

Anhydride of a - hydro xymercuri-/i-hydroxy-|l- phenyl propionic 

cjn-en ch c o 
I I I 

OH H« O 


This substance is prepared by adding a hot solution of mercuric acetate 
to a boiling aqueous solution of alloeimmmie aeid. It crystallises in 
colourless microscopic crystals, which have neutral properties. Its 
alkaline solutions are not affected by ammonium sulphide, unless allowed 
to stand for a considerable time, when mercuric sulphide separates out. 
When heated with hydrochloric aeid, mercuric chloride and ordinary 
cinnamic aeid are produced. The anhydride reacts with potassium 
iodide according to the equation : 


CO i 

IIO.CIICJfj.CIl/ J 2 -f2KI+HgO-— IIO.CHCJij.CHj.COOK | H K I. 4 f KOI! 

1 p-Aminobcnzoio acid isobutyl ester is dealt with in Herman I’alent, :>ts2S>! 

* I * * 4 I , ' r nicclianism of mereurotion o t :S.ueetttmiuo.4 •hy*Im%v»»'H/o»te and' sodium 
ammolxmoates mm Mawlmrami Annnlm, 11)2(1, 450, HA, UK, ’ for dmndnedii.brm t. 
dicarboxylio acids, sen Blumentlial, Hiorhem. Zeit., 11 ) 1 1 , 32 , fit) ; 11)12 w .Mi • lull 6 c 
400 -fC'heM. ZiMtr., 1141 1, i. .5211; 1012.1. 1.121 ; 1014, i,'& Arylantino^ill.b. , 1 . 1 , id I 
^tent 41WHW U1 0nnan t<,nt " 281tMm - tlulphojilicuol carfaixylie n-‘h. Herman 

:t Biilmanu, Her,, 11 ) 02 , 35 , 2766, 

4 Biilmann and Bjorrum, Her,, 1010, 43 , f> 0 & 
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a -Acetoxymercuri - p - methoxy - p - phenylpropionic methyl 
ester j 

C«H 5 — CH CH — CO .Me 

I I • 

OMe Hg.OAc 

Mercuric acetate (19-6 grams) is dissolved in 100 to 120 c.e. of warm 
methyl alcohol and 10 grams of methyl cinnamate stirred in. After 
six hours the reaction is complete, and in two days 18 grams of product 
are obtained. Yield 65 per cent. It is easily soluble in the usual 
organic solvents, and crystallises from ethyl acetate in warty needles, 
M.pt. 140-5° C. (corr.); from methyl alcohol spear-shaped crystals are 
deposited which change in four to six days to prisms. The acetoxy- • 
mercun group reacts in the usual way with alkali halides, forming a 
chloride, short needles, M.pt. 133-5° C. (corr.); bromide, needles, M^pt. 
110*5° C. ; iodide , needles, M.pt. 100° C. The acetoxymercuri group 
may also be replaced by sodium diethylbarbiturate when the corre- 
sponding veronal compound is formed. 

Anhydride of a-hydroxymercuri-/3-methoxy - 8 - phenylpro- 
pionic acid, 

C«H 5 — CII CH— C =0 

I I I 

OMe Hg— O 

This derivative is obtained in a pure state when the preceding compound 
is saponified by heating with Normal sodium hydroxide and then Normal 
sulphuric acid added. It decomposes at about 187° C., and its solution 
in ammonium hydroxide yields mercuric sulphide immediately when 
treated with ammonium sulphide, whilst its alkali solutions give pre- 
cipitates with aqueous solutions of the salts of heavy metals. 

a - Acetoxymercuri -^8 -ethoxy -/3 -phenylpropionic methyl ester. 

• — The preparation is carried out as for the methoxy compound, but 
the methyl alcohol is in this case replaced by ethyl alcohol. It crys- 
tallises from ethyl acetate in long needles, M.pt. 123° C., easily soluble 
in most organic solvents. When treated with alcoholic ammonium 
sulphide, /3-ethoxy-^-phenylpropionic methyl ester is formed, as a colour- 
less oil, li.pt. 250° C. (corr.). 2 The chloride crystallises in needles, M.pt. 
114° G. ; the bromide in small needles, M.pt. 85° C. ; the iodide in small 
prisms, M.pt. 71° C. The internal anhydride maybe prepared by warm- 
ing 3 grams of ester with 15 c.c. of Normal sodium hydroxide until a 
clear solution is obtained, and then adding 10 c.c. of Normal sulphuric 
acid. It decomposes at 191° C. (corr.). 

The following derivatives are prepared in a similar manner to the 
methoxy compound and the change of alkyloxy group is brought about 
by carrying out the mereuration in the corresponding alcohol. 

a - Acetoxy mercuri-/3-propoxy-/3 -phenylpropionic methyl ester 
yields white, matted needles, M.pt. 135*5° C. (corr.), very soluble in 
the usual solvents. The yield is about 71 per cent, after two weeks’ 
standing. The chloride , bromide, and iodide crystallise in needles, 
melting at 109°, 84°, and 84° 0. respectively. The internal anhydride 
decomposes at 188° C. (corr.). 

a - Acetoxymercuri - /? - isopropoxy - j8 - phenylpropionic methyl 

1 Schr&uth, Sehoeller, and Struensee, Ber,, 1910, 43 , 695. 

2 Schr&uth, Sehoeller, and Struensee, Ber,, 1911, 44 , 1048, 1432. 

VOL. XI. : I. 
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ester occurs as white, felted needles, M.pt. 150° C. (corr.) ; the anhydride 
decomposes at 191° C. 

a - Acetoxymercuri - j3 - isobutoxy - /}- phenylpropionic methyl 
ester yields white needles, M.pt. 154° C. (corr.), the reaction taking 
eight days for completion. The anhydride decomposes at 193° C. (corr. ). 

a -Acetoxymercuri -^-methoxy-^S -phenylpropionic ethyl ester 
is much more difficult to obtain than the methyl ester, the reacting sub- 
stances being allowed* to stand for twelve days before being removed. 
The compound crystallises in prisms, M.pt. 107° C. ; yield 45 per cent. 
A similar yield of the corresponding benzyl ester may be obtained in a 
few days. This substance crystallises in long, silky needles, M.pt. 127° C. 1 

A compound has also been obtained from allyl cinnamate by treat- 
ing it with 2 mols. of mercuric acetate in methyl alcohol solution. 
Sodium chloride solution is added, and the oil which first separates 
solidifies on standing. The formula assigned to the substance is 

C 6 H 5 .0M e CH.CH(HgCl).CO 2 Cn 2 .CHOM e .CH 2 HgCl 

It is readily soluble in alcohol, chloroform, benzene, or ethyl acetate, 
and is precipitated from its sodium hydroxide solution by sulphuric 
acid. 

a- Merc uri-di-^-anhydrohydroxy-/3-phenylpropionic acid.- 

When the anhydride of a-hydroxymercuri-^-methoxy-fl-phenyh)ro- 
pionic acid is moistened with alcohol, then suspended in water, and 
potassium iodide added until a solution is obtained, the addition of 
JNormal sulphuric acid gives a white, flocculent precipitate. It crys- 
tallises from alcohol in shining rhombic leaflets, M.pt. 200° C. with decom- 
position. It acts as a dibasic acid, and does not yield mercuric sulphide 
when treated with ammonium sulphide. Probable constitution : 


C 8 H 5 -CH CH — CO„H 


O 


Hg 


C 6 H S — CI-I CH— C0 2 II 

es 

to 105 ° c - ““ 

TV hen the compound is treated with sodium bromide in methvl 
alcohol solution, the a-bromomercuri derivative is formed. This has been 
jsolaM a, t,o °pt,cal isomerides: the first has M.pt. W,„ „r 
U, (aj > —48 6 , the second has M.pt. 134° to 135° C., rah) 25 +01 -T’ 

SS’&t IS- C. *, “sosnoSi 

oiolo to F*’ t a i D + 6 5-89°, and M.pt. 102° to 103° C Fair. 25 

M hom ’ *“ w 

From fi-Hydroxynaphthoic acid/— To a boiling solution of l-8ft 
grams of /3-hydroxynaphthoic acid in 25 c.c. of 96 per cent ah-ohol a 
solution of 82 grams of mercuric acetate in 25 e.e.rf S„g “.to is 

1 See German Patent, 228877. 

3 Tt nC * b ri rn ^ nd Marvel, J, Amer. Chem. Soc 1926, 48 1409 
The following deal with tyrosine : German Patents? 267411 267412 270«r7 
Bneger and Schulemann. J. praht. Chern., 1914, 89, 97. ’ i 2799j7 - 
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is' rwiinv^t J hc ^ in ^‘ A ydlowish-white precipitate is obtained which 
ammonimn s dn d^ ^ dro f de . but not acted upon by cold 

alcohol tK/v " 1 - ; 1 de * ^ bls 1S filtered and washed first with 96 per cent. 

The nro!t? lth much water and dried over calcium chloride m mcwo. 
solvent * Tf * ° n *? ? pale yedow ’ fi Re powder, insoluble in all organic 
sol a Hon * an * 1S sol , ub ! e in alkali > imparting a pale yellow colour to the 
inehillw/ »« US S0lu ^ 10n wben treat od with stannous chloride give* 
R \ht T? ei( . tbe ^ ore contains no preparation of the type 

1 p * ^yth iodine in potassium iodide the mercury is removed. 
o!^° mpG1 v nd of ^-hydroxynaphthoic acid formed. Since the analysis 
j, I. ls s °waewhat low in compound I., it has been suggested that 

01 ! * la \ on tal ^s place between the mercurated product and the 
txu\ss ot acid present, giving compound II., as excess of naphthoic acid 
cannot be removed by careful washing with alcohol. The same com- 
pounu as also obtained when the acid is mercurated by means of mercuric 
oxnte. 1 he above facts are represented by the following formula; 


\A/0°0“ 


f'YV 

i^^/boOH ooc \A/ 


^ d J 1 * * m • u r * hydroxy naphthoic acid cannot be obtained, and mercura- 
tum of p-liydroxynaphthoie-4 : 7-disulphonic acid has not been very 

success tub 


CHAPTER X. 


MERCURY (roiiliiiiii'tl). 

MlSCFXLANKOlW Mf.KCUHV DkBIVATIVKS OF OlUiANlC CmilHHAtiS. 

mkhoury ooMPouNm iwkivkd mum oucmsus. 

The compounds formed from the ethylenos have gi\en rise to con- 
siderable discussion. The formula 1 assigned fo them are very complex, 
and no two investigators seem in agreement as to their constitution. 
This is probably due to experiments not being carried out under stum lard 
conditions. Hofmann and Sand 1 divide the compounds obtained by 
the action of ethylene on mercuric salts into the following types : 

1. Ethcne mercury salts, CUV Cll.llgX 
-• Polymerised etheno mercury salts, (('. a ii.,IlgX } 

.3. Ethanol mercury salts, <>IE('II.,.(HJlgX 
4. Ethyl ether mercury salts, 0(t!If 4 .CH a .lIgX )j 

I he formation of these types is explained on tin - assumption that the 
mercuric salt, HgX a , ionises into ligX and X ions, which combine with 
the. ethylene to form CH a X.CH a .HgX. If such a emupoimd loses its 
hydrogen halide it forms an ethane compound. Hydrolysis of the com- 
pound would form an ethanol salt, whilst partial hydrolysis and coup- 
ling with the original compound would give the ether type, if hvdrogcu 
halide were lost. 

They draw the following distinction between ethanol sails (!) and 
ether salts (II) : — 

/tin 1 ' a ^ a *’ n<! solution of (I) in potassium iodide remains dear, but 
(II) gives a, white precipitate. 

'^ a a lkaline. solution of (I) gives a white precipitate with potassium 
sulphide, soluble in hot. potassium hydroxide; (If) gives a white pre- 
cipitate, insoluble in boiling potassium hydroxide. 

tt. The halogen-free alkaline solutions of ether salts yield insoluble 
carbonates, whilst the ethanol salts do not. 

Manehot and his co-workers have criticised the above types ami 
consider them to be molecular addition compounds. Their arguments 
will be lound when discussing the respective compounds. 

In the ease of the acetylene eompoumls very little satisfactory work 
has been accomplished, and with both ethylcnes and acetylenes mdy 
such work as has given more or less definite results has been Winded in 
the ioJ lowing pages. 

The references given on the next page should be taken along with 
those given m the text by anyone desiring a more complete knowledge 
ot the work done on these compounds. 

1 Hofmann and Hand, Her., IflOO, 33, 1340 , 211112. 
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hthyiene , 1 butylene and amylene , a acetylene , ;i isopropyl acetylene . 4 

Ethanol mercuric chloride, CHoOH,ClL,.IIgCl. 5 Ethylene is 

passed into a nearly saturated solution of mercuric chloride, and a 
double sail of the ethanol compound with mercuric chloride is obtained. 

1 his is washed tree from other compounds and recrystallised from spirit. 
It tonus plates, soluble in potassium hydroxide, from which solution 
carbon dioxide precipitates ethanol mercuric chloride. The chloride is 
also jormed by the action of ethylene on saturated mercuric acetate, 
treating the solution, with potassium chloride, then precipitating the 
compound by carbon dioxide. It melts at 155° C. 

This compound with potassium cyanide or concentrated acids (not 
acetic acid) yields ethylene. From an aqueous solution of the chloride, 
hydrogen sulphide precipitates all the mercury as sulphide, but from 
an alkaline solution potassium hydrosulphide precipitates ethanol 
mercuric sulphide (CTLOilUIl JIg) 2 S. 

Ethanol mercuric bromide is prepared in a similar manner to 
the chloride. It has also been formed from the mother-liquor obtained 
in the production of et hanol mercuric sulphate by the action of ethylene 
on mercuric sulphate. The liquor is saturated with ammonia, ‘then 
treated with acetic acid, the grey-black residue filtered off and potassium 
bromide added to the filtrate, the bromide separating out. 0 It; crys- 
tallises from alcohol in thin, glistening plates, M.pt. 158° C., which 
yield ethylene when treated with ‘20 per cent, hydrochloric acid at 1.5° C. 
A similar result takes place with 00 per cent, acetic acid, the re- 
action becoming more rapid on beating. Cold sodium and ammonium 
hydroxides give clear solutions from which ammonium sulphide throws 
down a white precipitate. By bromine in alcohol, the bromide is oxidised 
to hrutunmercuri acetic acid, HgBr.CI I^COOII. Sodium ethylate with 
an alcoholic solution of the bromide precipitates a white powder, 

Cll.r— Ilg 

EU, ~ O 

which melts indefinitely at H0 n C., is soluble in water and alkali, from 
which solution dilute acids give a white precipitate. 

Evaporation of the bromide with acetic anhydride gives an acetyl 
derivative, IIgBr.('Il*.C'II a .<)Ae, lustrous leaflets, M.pt. 75° C., which 
with hydrochloric acid yield ethylene. 

When oxidised by permanganate the bromide is converted mainly 
into oxalic acid, bromomereuri acetic acid being formed at; the same 
time. 7 

1 Sand anti Xtreest, Zeitmdi, tinwy, (Jhtrn., 1907, 59? 424 ; Sand, Her., 1901, 34, 1385 j 
Annaku, 1902, 329, 138. 

2 Uenigda, Hall, Sue, chim 1808, |3 1, 19. 494. 

a I’limjnm, /W. Cht m, Sue., 1802, 8. 1 10 ; Reiser, Amvr. diem. J., 1803, 15, 537; 
Plimpton and Travers, Tram. Chem. Sue., 1804, 65, 200 ; Biginelli, ( Jhem . Zenlr 1,808, i. 025; 
be Comte, J. I' harm. i\ him 1002, l,0|, x6, 207 ; ('hem. Zentr., 1002, ii. 1400 ; Burkard and 
Travers, Trans, (‘hem. Sue., 1002, 81, 1270; Bilk/., Jkr., 1905,38, 133; Uranus Trans. (Jhem, 
Sue., 1005, 87 , 427 ; Nieuwlaud and Maguire, ./. Auer. (Jhem. Sac., 1000, 28, 1025; French 
Patent, 470050, Chem, Aim., 1914, XI, 870 ; Swiss Patent, 74440, (Jhem. Atm., 2027 ; Patents 
(Jhem, Atm., HUH, 12, 42, 280, 484, 500, 588. 

11 Burkin, (Jhem, Aim., 1010, 7, 2095; British Patent, 277 (10X3). 

$ Hofmann and Hand, Jkr., 1900, 33, 1340, 2002. 

r; Bulmann, Her,, 1900, 33, 1041. 

1 Hand and Singer, Antmkn , 1003, 329, 100. 
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Ethanol mercuric sulphate, (GII a OH.CH a .Hg) 2 S().,. Ethylene is 

passed into a solution of mercuric sulphate, and the sulphate is precipi- 
tated as a white crystalline body. It, is easily soluble in warm water, not 
decomposed on boiling with ammonium hydroxide, and gives a white pre- 
cipitate with ammonium sulphide. Although stable to boiling alkali, it is 
decomposed by boiling acid, mercuric sulphate being formed. Concen- 
trated hydrochloric acid decomposes it with the evolution of ethylene. 

Ethene mercuric iodide, OIL ('ll Ilg 1. A solution of 
mercuric nitrate is treated with potassium hydroxide until a slight pre- 
cipitate is formed. The latter is then dissolved by passing in ethylene, 
more potassium hydroxide is added to give a precipitate and more 
ethylene passed in. This process is repeated until no more ethylene is 
absorbed. Potassium iodide solution is added and carbon dioxide 
passed in, glistening silver plates of the iodide being precipitated. It 
melts at 147° C., is easily soluble in hot alcohol and fairly soluble in hot 
water. It is decomposed by hydrochloric acid or potassium cyanide 
with evolution of ethylene. Boiling with mercuric oxide ami potassium 
hydroxide yields the insoluble form of dimereuri acetic acid, (HOHg) 
(Hg)C.COdll. 1 The iodide is easily soluble in alcoholic potash, either 
the hydroxide, C1I 2 = CH.HgOH. or the anhydride, 1 1 a .<’ 1 1 I !«.< >, 

i ; i 

being formed, and the alkaline solution of this compound when boiled 
with methyl iodide regenerates the iodide. At 1150 G. methyl iodide 
decomposes the iodide, forming mercuric iodide and hydrocarbon. 
Reduction in alkaline solution by sodium amalgam or electrolysis gives 
ethyl alcohol. 2 When ethanol mercuric chloride in methyl alcohol 
solution is treated with silver nitrate, ethene mercury nitrate' is formed, 
CH 2 — CIl.IIgNO.,. It crystallises in strongly refracting plates, easily 
soluble in water and exploding when heated. The addition of a little 
dilute hydrochloric acid to the aqueous solution precipitates ethanol 
mercuric chloride. 

Ethyl ether mercuric chloride, (IIg('l.t!H ! ,.CH„)„<). Ethylene 
is passed into a nearly neutral solution of mercuric sulphate, a sulphate 
of composition C e Hg 4 (SO 4 ) s O 4 H 10 being precipitated. This is dissolved 
m 10 per cent, potassium hydroxide, potassium chloride added, and 
carbon dioxide passed in. The precipitated chloride melt sat about too (*. 
is slightly soluble in water, alcohol, or ether. The corresponding bromide 
is obtained by substituting potassium bromide for the chloride. It is a 
line, white powder, has a similar solubility to the chloride, and sinters 
above 200° C. It only reacts very slowly with dilute hydrochloric or 
acetic acid, whereas the ethanol salt is readily attacked* It dissolves 
in sodium hydroxide, forming a clear solution. 

An alkaline solution of the sulphate when treated with carbon 
dioxide yields the carbonate, [(Hg.CII a .CIL) a O]CO a . 

An ethene mercuric iodide of the polymerised type {fJIJIgl) is 
formed by the action of potassium iodide on the sulphate. It crystal- 
lises from alkali in platelets, M.pt. 161° C. ' 

An analogous sulphide is obtained from an alkaline solution of the 
sulphate by the action of potassium hydrosulphide. It is a white 
precipitate, unchanged by boiling with water, and is insoluble in hot 
potassium hydroxide. 


i 

i 


Hofmann and Sand, Ber., 1901, 34, 1383, 290(1. 
Sand and Singer, Ber., 1902, 35 , 3 i«o 
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Mercurodiethylene oxide, 0 : (C 2 H 4 ) 2 : Hg 2 . x — Ethyl ether mer- 
curic bromide dissolved in 10 per cent, potassium hydroxide is treated 
with an alkaline stannite solution until no further precipitate is obtained. 
The grey-violet product is decanted, washed, and dried over sulphuric 
acid. Yield nearly quantitative. It is a bluish-black precipitate, 
sintering at 80° C. and melting at 140° to 150° C., insoluble in water, 
alkalies, and the usual organic solvents. It is completely decomposed 
by hot hydrochloric acid, and when heated with benzene in a sealed 
tube at 140° C. is converted into mercury and the mercuric compound. 

Mercuridiethylene oxide, 


CH 2 — CII 2 n 

< 

Nh-I 2 — CH 2 ' 


>Hg 


Prepared as just described, it crystallises from benzene in glistening, 
colourless needles, M.pt. 145° C., insoluble in water, alkali, or dilute 
mineral acids, but readily soluble in most organic solvents, except 
ether and acetone. It is not decomposed when heated with potassium 
hydroxide, iodide, or cyanide, but with fuming hydrochloric acid it 
gives a theoretical yield of ethylene. 1 2 

Manchot and Kliig 3 criticise the above work of Hofmann and Sand, 
and advance arguments against the structures given above, in favour 
of additive formulae. Their points are : 

1. Hofmann and Sand’s formula does not explain why the com- 
pound of the type CIL>OH.CH 2 .HgX is immediately decomposed by 
halogen acids with the evolution of ethylene, whereas it is stable towards 
other acids. According to Manchot, a similar result is obtained by 
potassium cyanide or thiocyanate in the presence of acids. 

2. The reaction is caused by all those substances which combine 
with mercuric halides to yield additive compounds of the type HgCl 2 . 
2IIC1, and may be expressed by the equations : 

C 2 H 4 .OII.PIgCl+HCl.— C 2 H 4 .HgCl 2 +H 2 0 

and 

C 2 II 4 . I XgCl 2 +2HC1— HgCl 2 .2HC1 +C 2 H 4 

3. It was shown by Sand that the complex C 2 H 4 .Hg(OH) is univalent 
and that the dichromate was prepared by Manchot and expressed as 

[C 2 II 4 .Hg(OH )] 2 Cr 2 0 7 

4. The decomposition by iodine of the ethylenic compounds con- 

taining mercury is more readily explained by the additive formula. 
It is assumed that the iodine displaces the oxygen, followed by the addi- 
tion of oxygen at the double bond, thus yielding CH 2 I.CH 2 .OH and 
0(CH 2 .CH 2 I) 2 respectively. . . _ __ 

5. According to Sand’s formula, the ethanol mercuric iodide should 
yield propyl alcohol when treated with methyl iodide, whereas methyl 
alcohol, ethylene, and mercuric iodide are obtained. 

1 Sand, Bar., 1901, 34 , 2910. < 

2 Stoehr, J. prakt. Cham., 1897, [2], 55 , 80. 

3 Manchot and Kliig, Annalen, 1920, 420 , 170. 
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other mercuric salts yield otlivlono when 


! 2HgL « ,t'H 


6. Ethyl other mercuric salts yield ethylene when heated with 
methyl iodide at 110° 1'., 

2C,H 4 .IlKl.O.II«M-aCir a l 

and this is also advanced to support the additive structure. 

Acetoxymercuri -ethyl methyl ether, AeOHg.t'H ,,.(‘1 1 
Met curie acetate (20 grams, <Sf> per cent.) is shaken with too e.r. uf 
methyl alcohol, and air-free ethylene passed in. The absorption is 
measured, and in one hour at 22" t'. ami 700 nun.. I too e.r, of of hyieue art- 
absorbed. When the reaction is eomplete the mixture is distilled tinder 
reduced pressure to remove the alcohol and acetic acid, ami a \ eiimv, uilv 
hquid remains. This after standing for twenty-four hours inv<t,'uu\>\ er 
sulphuric acid and caustic alkali solidities (17 grants). \ ield js 2 per 
cent. It crystallises from petroleum ether in line needles, M.pt . p_> c 
easily soluble in water and the usual solvents. Treated with a hlfle 
hydrochloric acid in aqueous solution if yields the eMuritlr, but with 
excess ol hydrochloric acid ethylene is evolved on gentle u annum 
With ammonium sulphide a white amorphous sulphh'l,' is preeipibdui 

SI .“i; 1 ! 1 " ° ff "T" rh Mll|,hi(1 “ «“ *«"•»**«■ simmite 

solution gives metallic mercury m the cold. The acetate decolorises 
permanganate and ethereal iodine solutions. 

The bromide, is obtained by treating the alcoholic acetate with 

nC L . ?• H 1 ■ ,> ,' s h’ wim:h «re readily soluble in all the usual solvents 
xcepf light petroleum. The corresponding imihir ervstnHises m white 

needles itr plates, not imrtieularly stable. 1 

the nS^* rCUri ’ dl , m J il !? yl > ther iK in the same wav as 

Y eld o‘ , t T P< n , !‘ 1 ' ,mt . ilu ‘ miction takes longer to complete. 

melit'Lratir'r Tl,, /T ■ / IU ‘ -"'f'f 1 ** l !‘:*' ,1!,s - *«**«'«»« «» art ('. and 
muring at «>(> C . the thlondr yields white needles. M.pt. «e> (' imt i 

when heated with methyl iodide at loo praetiealh- 1 mol of 

ethylene is produced and mercuric iodide formed. 

v.,V.m; nCC n T' 00ni l ,< ’ u,1<Js ur(1 readily ileeomposed by halogen uei.l* 

S 5lSS rirn'i- 1 }! 11 tlU ‘ Uat ‘V? wl “-» ‘Kv an trealed w; ; 

yl ,<K “ dts » lhc billowing constitution has been proposed 

C 2 II 4 .IIg(OEt)X 

in this e se l u nP h . ro>ln<i « . lH . ! >r ‘‘lfrcd similarly to the chloride lmt 

STS „!' /:■ 


1 Sdmelkvr, Schrauth, and hWm„ Brr 

a Sind' l0t '; lm ’ & mL 

Kind and Hofmann, Bm t Unm, 33, KJ43 


hh;i, 46* mu , 

band and iit*n«Milt*r v ibid,, lUWih 
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benzene, or water. When an alkaline solution of the chloride or bromide 
is treated with hydrogen sulphide, a white .sulphide is precipitated, this 
in time dissolving with the formation of a hi/drosulphide. 

l>H)romomercuri*dl»isopropyl ether is obtained by dissolving 
the bromide in alcohol and passing carbon dioxide into the solution. It 
may be purified by solution in pure potassium hydroxide and precipita- 
tion by carbon dioxide. It is a heavy, crystalline powder, insoluble in 
organic solvents, and has no melting-point.. When dissolved in alkali 
and treated with potassium iodide solution, tin* iodide \ s obtained. This 
may be reervstalliscd from boiling potassium hydroxide. It has similar 
properties to the bromide. The .structure of these compounds is as 
follows ; 


til., 

| 

ill o 

xiig ni. 


ni ;j 

<ii 

! 

ni s u»x 


Butanol mercuric chloride. 1 Isobutylene, ((!IL 3 ),V CIL, con- 
taining a little pseudohutylene, ('H a .lil (’!! VH. h when passed into 
an aqueous solution of mercuric chloride, only slowly deposits a white 
micro-crystalline compound. If, however, mercuric acetate is used, the 
absorption of the mixture of butylenes is rapid, and the solution becomes 
intense red, the addition of potassium hydroxide only precipitating a 
little mercuric oxide. Potassium chloride is added, the solution allowed 
to stand for t wen tv bur hours, and treated with carbon dioxide. In the 
ease of the bromide, the compound is precipitated at this stage, but to 
obtain the chloride the solution is extracted with ether, from which this 
salt crystallises. It melts at 52 (\, and is easily soluble in alcohol, el her, 
water, or benzene. The bromide crystallises in glistening prisms, M.pf. 
Ob the ether solution forming a compound with ammonia having the 
composition I H hi* $H«. I IgUr.N I. 1 > t » 

Butene mercuric iodide, (' |H 7 IlgI. When potassium iodide is 
used in the above preparation, Sami and Hofmann state that a butanol 
compound is not obtained, but the butene derivative. If crystallises 
in spears from ether, and prisms from benzene or carbon disulphide. 
All the above substances with 20 per cent, hydrochloric acid give a 
quantitative yield of olefine and mercuric salt. 

When isobutylene is passed into neutral mercuric sulphate solution, 
it gives an intensely yellow powder of complex composition. This is 
insoluble in to per end. sulphuric acid, and on boiling with sodium 
chloride a mixture of calomel and a rod chloride, (kj(Til Igj(< ) 1 1 ) 4J , II u < ), is 
obtained. 

Mercury trichloroethylene, Hg{(VI (VI..}... Trichloroethylene 
is shaken for several days with an alkaline solution of mercuric cyanide. 
An oil separates out, the excess of trichloroethylene is removed by 
evaporation, and the residue reery stabbed from ether. If crystallises 
in colourless* strongly refracting plates, melting at H:f (k, easily soluble 
in alcohol or ether. It is decomposed by yellow ammonium sulphide, 
mercuric sulphide separating out. 


1 Hand mid Hofmann, he* cti. 
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Products from Mercuric Chloride* When pun* acetylene is passed 
into mercuric chloride solution a white precipitate is obtained, to which 
Hofmann 1 gave the structure : 

(ailu).*l. IVL 

‘ "\/ " 

Htr 

Hilt/ and Mumm 2 * state that this compound is realh a triehlnro 
niercuH-acetaldehyde , C(ng(d) a .(TI(>» The evidence put forward is that 
the analysis corresponds to this formula, and also that the following 
equation may represent the reaction ; 

e 2 U 2 KHIgGL | IU> C(UgV\) n A'lU) j nlH i 

The equation is based on the fa<*t that tht* compound u hen boded 
with hydrochloric acid yields B mots, of hydrogen chloride and acetal- 
dehyde. Chlorine water converts it into mercuric chloride and chloral ; 

C(i^n} a nio i an* va lv v no 

With an aqueous suspension ora potassium iodide solution of iodine, only 
mercuric iodide is isolated. Permanganate in the presence of sulphuric 
acid converts it directly to carbon dioxide and mercuric salts, whereas 
Hofmann stated that triehloromereuri acetic acid was formed, Lately 1 
Hofmann admitted that his compound was so rapidly hydrolysed by 
water that he could not obtain a preparation free from oxygen, IlV 
therefore considered his compound to la* an aldehyde. When boated 
with aqueous potassium cyanide, triehloromereuri acetaldehyde yields 
aldehyde resin, mercuric cyanide, and metallic mercury. No precipitate 
is formed when acetylene is passed through an aqueous solution of 
mercuric chloride containing an excess of sodium chloride. 

Manehot 4 considers that this triehloromereuri acetaldehyde is 
merely an additive product of vinyl alcohol. 

Although not obtained by the direct action of ethylene, a body to 
which an ethylenie structure has been assigned is obtained when diethyl 
ether is shaken with mercury oxychloride. It has been styled rim// 
ojiymcrcuroeh l ovule, CH a 4TLOHgXUIg>/T/ If boiled for a'loug time 
with potassium hydroxide solution, and the residue in alkaline solution 
treated with nitric add, a colourless compound is precipitated, 
(JI«CJlg g((^I I ) Ig jj{( )l I )j|, it will be noted that the entnpoiuid hits 
assumed an acetylenic structure, and 1ms been named ** uaiylrum 
mercury P Treated with glacial acetic add it yields a crystalline 
C It si C.IIg 2 - (0 Ac ) 2 J ig (OAc ) decomposing at 100 t\ or when boiled 
with water. When nitric add is added to an alkaline solution of vmvl 
oxymcrcuroehloridc, colourless . meUjkmmwmmj meyehlurUk w precipi- 
tated, CH: C.UgO.HgCb, It is an amorphous powder, insoluble in 
nitric or hydrochloric acids, ammonium hydroxide, or alkali carbonates, 
but readily soluble in potassium hydroxides It is not explosive, but 
when heated volatilises, leaving a carbon residue, 

1 Hofmann, l Him, 32 , 870, 

“ Bilte and Mumm, Mm, 1904, 37,4417. 

8 Hofmann, Mm f 1904, 3 7 , 4459. 

4 Mam-hot, Annakn , HHK, 417, tKl 
6 Poleok and Thummd, Bm, 1899, 23, 2Hm, 
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prom Mercuric X itmtcJ -By passing aedylmr into a cold solution 
of mercuric nitrate for fifteen to twenty minutes, Hofmann obtained 
a eonipuuutl to which In* assigned the formula, (\Hg 2 XO t H. He 
also mentions a compound, (\Jlg a N<) & H, to which he ascribed the 
constitution* 

I ,! «v\ 

xo,.H«.d< kuiio 
■ \ x i!g / I 


as beim: prepared in the following maimer : ‘20 grams of yellow mereuric 
oxide ill 70 e.e. of ;i0 per cent. nitric acid and 500 e.e. of water is treated 
with acetylene for two hours at IS A greyish-white, powdery 

precipitate is obtained. This is mixed with 150 e.e. of S percent, nitric 
acid, and allowed to stand for six hours at room temperature, and after 
repeating the operation three times the product is tillered, washed with 
alcohol and ether, and dried in vacuo. If acetylene lie passed into hot, 
mereuric nitrate, some mercury separates as well as tin- above product. 

When (toiling mereuric nitrate solution is saturated with acetylene 
the composition of tin- precipitate is Hgt' ( , ng.llgMO. t .n. i <). This 
yields acetaldehyde when treated with dilute acids. 

If the mercuric nitrate solution contains an excess of potassium 
nitrite and I per cent, nitric acid and acetylene he passed into the cold 
mixture. nitrilo-dimcrcurairtahlchi/tlc is precipitated as a bright yellow 
powder. It is explosive, and is proved to lie a nitrite by its behaviour 
towards (i-uaphthy lumine tit the presence of acetic and hydrochloric 
acids.- 

From Mercuric (hide. 1 ' When acetylene is passed through a sus- 
pension of mereuric oxide in boiling phosphoric acid, density M5, or 
hi :$() per end. sulphuric acid, acetaldehyde is produced. 

From Mercuric Chlorate and Perchlorate. 1 Chlarutotrinicrcuriarctaldc- 
hade, ( , IO.,.Hg.( , (Hg»0).T!lt), is obtained by passing acetylene into 
a’tt aqueous solution of mercuric chlorate or a mixture of sodium chlorate 
* and mereuric nitrate. The precipitate obtained is digested with 
*} p t . r (.fid, hydrochloric acid. The compound is less explosive than 
ehloratodimereuraeet aldehyde. If the perchlorate is substituted for 
the chlorate, jicrchloralomcrcuracrtatdchudc is formed, the substance 
being less sensitive to shock than the chlorate. 

From Mercuric Pram idee' When acetylene is left in eont.net with 
the bromide and water at 1<M>" in a sealed (task acetaldehyde is 
formed, and methyl acetylene under similar conditions yields acetone. 

Mctln/l . Iceli/linc „ n When methyl acetylene (nllylenc) is passed 
into mereuric chloride solution at ordinary temperatures, a white, 
crystalline precipitate is obtained. Kutschcroff gave its constitution 
as* ;iUpO., ,'tilg(>.2r a ll j, whilst Hilt/, ami Mimim consider it, to he a 
trichUmmcmm acetone , CH. 1 .tU>.qngt , i ) ;1 . '*’!»• product, is insoluble 

in water or cold alcohol, but is decomposed by acids, with the iormntmn 
of acetone and mereuric salts. The reaction between methyl acetylene 


i tSufiimim. IH 1 W, 3 *, *2212, T*K\ ; tinltmtim nnd Kutlmi»r, Ztifack amnj . 
1K1I8, xB, -IB; Kolimt r, /frr,* IH4IB* 31 , miX 
a Hoimitntt. tbr,, It H»;* t 38 . 1 MW. 

3 Krdumtm 11 ltd tUilluw* Zrituch, ft 18418* IB# 48, 


* Hnfiimmi, H’-r,, HKi.i. 3$, ItHttl, 

* Kulrttlii'riiif, ftrr„ tSKl, * 4 , 1540. 

* KutHchemiT, Her., IHH4, *?• 13 i WM* *«« ««»»>«. 


Her., l(M)i, 37, H17. 
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mid mmiurio bromide takes place lu a less extent, and in the 
mercuric iodide no reaction can he perceived. 

A compound, H«'(C ; ,IL,) a , is obtained by the action of mellnl acety- 
lene on alkaline solutions of mercuric iodide in potassium iodide or 
mercuric chloride. It melts at to *201 C. with slight darkenin'' 1 
Methyl acetylene with mercuric sulphate yives a compound which 
Kutscheroif designates as I b;S( > H«< ).;« ’.,11 ,. 7 1 It; t >, and with mer- 
curi(‘ acetate a, white amorphous pn-uipilaf <\ I !*»•< ).*j{ * 1 1 

Kthyl acetylene <*ives compounds analogous to those" from the 
methyl derivative. They dissolve readily in hydrochloric acid, \ i,.|dim» 
methyl ethyl ketone, and Hilt/, and Mumm consider the compound from 
mercuric chloride to be tn'cldaromcrcari-niethi/l <ih pi ketone The com 
pound from alkaline mercuric iodide forms' hum 'white needles \i 

«;•» iib ; ( yr" * I”- mSi ; 

ethyl, prop,, l acetylene are said to yield deri vat iv es with umrenrie ehh .ride 
but the compounds have not been analysed.- The meltum points of 
the compound* obtained from other mono-substif uted acetylenes h\ 
the action ol alkaline mercuric iodide are as follows; tert, Imhihieetutene 

X&cT •*«**>*"■ «• 

Mercury chloroacctylidc, H t ,(C (VI)...* This compound j. 
lomied: (1) By shak.no synu-diehtoroef hyh-nc with mercuric rJmir 
and aqueous potassium hydroxide solution; (‘2) the . 

hcatm, trichloroethylene with alcoholic potassium u \n , 
with wader and concentrated sulphuric add. then passed ,nb, m! 
alkaline meietitie cyanide solution. 'I’iie product is obtain, d as a white 
preepiitate, wlueli erysla hses from ether in thin .|imdratie plates, \1 )( | 

i. V*s z:“ u 

1?“;; 't 

i 

acetic arid (!(n<r(T\ (»o n : c t u " tt aimmacrnin- 

™ w^r n '?r ,h - r i 

tion contains sodium acetate chloroaeet vie . " IU ‘,!' 111 “ ‘’hloridc sola 
trinicmiri-acefic acid , HaOII CVIIaCl ) Vo ip' ?• ' !/ 

potassium hydroxide, c^bmi lEd^Sit^ri / ^ ”* 
acetic acid, eipituus ti i hydro rt/„i, ran t • 


c(ir«oii) # .co,ii. 


Julamna amt M‘Kw..n, Am,r. (% m . | !M ; .... 

t Ik'jial, Hull, Hoc. c/tim,, 1888, [2], 40 :,Hl . jj“ !.f, ,,7 

J .Tohimoii ami M'Ewwi. he. rit 49 ’ ’ ‘ ' k,m - l»«. |tij. IS. It.' 

1 Hotmam md Wrmr< ‘ utlwr ’ « im 4X. an , mrn, 4a> 
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Products from Phcnylacetylene . 1 

From Mercuric Chloride. — A white, insoluble, amorphous solid is 
obtained. This when boiled with hydrochloric acid and steam distilled 
yields acetophenone, but if steam distilled after addition of the acid 
some phenyl acetylene is also obtained. 

From Mercuric Bromide. — In this case a yellow, crystalline substance 
is formed, which yields phcnylacetylene and acetophenone if treated 
with concentrated hydrochloric acid and steam distilled. 

Mercury phenyl acetylide, Hg(C 6 H 6 .C==C) 2> is formed when 
mercuric oxide reacts with phcnylacetylene. This compound has 
been more recently obtained 2 by dropping a solution of I equivalent 
of phcnylacetylene in 20 volumes of 95 per cent, alcohol into a cooled, 
dilute solution of 2 equivalents of alkaline mercuric iodide, the mixture 
being mechanically stirred. The product separates as a white, crys- 
talline precipitate if the acetylene solution is not added too rapidly; 
in the hitter ease the product is at first sticky, but becomes crystalline 
on standing. The alkaline mercuric iodide is prepared as follows : 
(50 grams of mercuric chloride are dissolved in a solution of 163 grams 
of potassium iodide in 1(53 c.c, of water, and 125 c.c. of 10 per cent. aq. 
sodium hydroxide added. The above crystalline precipitate is stirred for 
two or three minutes, then filtered and washed with 50 per cent, alcohol. 
The mixture should not be allowed to stand too long before filtration, 
or secondary reactions set in. The crude product is reerystallised from 
benzene or 95 per cent, alcohol. From the latter it forms glittering 
white leaflets, M.pt. 124*5° to 125° 0. It is moderately soluble in cold 
ether or alcohol, readily soluble in chloroform, benzene, or hot alcohol. 

The following substituted acetylenes are prepared in a similar 
manner : — 

Mercury benzyl acetylide is purified by solution in hot benzene 
and precipitation by petroleum ether, then crystallisation from hot, 
absolute alcohol. It forms white needles, M.pt. 100*5° to 107*5° C. 

Mercury phenyl ethyl acetylide occurs as small, white crystals, 
M.pt. 83*5° to 84*5° (h 

Mercury p-talyl acetylide yields long, white needles, M.pt. 199° 
to 202 ° C. ; yield 75 per cent. It is moderately soluble in warm benzene 
or toluene, slightly soluble in cold, sparingly soluble in ether or boiling 
alcohol, and almost insoluble in cold alcohol. 

Mercury p-anisyl acetylide forms small, white crystals from toluene, 
M.pt. 207° to 209° when rapidly heated. When heated slowly, the 
salt turns brown before the melting-point is reached. 

Mercury hexahydrobenzyl acetylide yields long, white needles, 
M.pt. 104° (\ ; yield 78 per cent. 

Mercury plienoxymethyl acetylide gives long, white needles, M.pt. 
120*5° to 121° C. ; yield 84 per cent. 

Mercury tribromoethylene. Acetylene tetrabromide is shaken 

for about ten hours with alkaline mercuric cyanide solution. A crys- 
talline deposit is obtained, which after crystallisation from ether yields 
monoclinie prisms, the parameters of which are a : b : e— 1-4829 : 1 : 
0.1*037 ; ft 105° 20 ', M.pt. 141“ C. With yellow ammonium sulphide 

1 Miuii'huti Mill Haas, Annate*, 1913, 399 , 123; Biltss and Reinlcober, Annalen, 1914, 
404. 219 ; Ni f, Annalen, 1899, 308, 299. 

a Johnnon and M*Ewcm, J. Amer. Ohem. Noe., 1920, 48, 472. 
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it gives tribromoethylene, but is not decomposed by boiling water or 
10 percent hydrochloric acid. 1 

Vinyl bromide 2 (monobromoethylene) gives a white, amorphous 
compound when heated with mercuric acetate at 100 (\, the product 
probably being a compound of acetaldehyde with mercurous bromide, 

Mercurathn of Styrol (phenylethvlene). 2 Two grams of sterol with 

a solution of 10 grams of mercuric acetate in 170 e.e. of water are shaken 
for eight hours and the reaction product poured into to per rent, 
sodium’ chloride solution. The product is easily decomposed, and with 
sodium hydroxide becomes yellow; with ammonium sulphide black. It 
crystallises from water in plates, M.pt. 112 the aqueous solution 
having an odour of styrol, which becomes intense on warming. A 
similar product is obtained if a mixture of mercuric chloride and 
acetate is used. The composition is given as *H , H ll H .*dIg<>HC l !.Ugi , l 

When styryl ethyl ether is warmed at 50 (', with an aqueous solution 
containing 3 mols. of mercuric acetate, and poured after two hours 
into 10 per cent, sodium chloride, a white precipitate is obtained . 4 The 
substance formulated as CHPh nLOII.2HgCTOII, partially melts 
about 120 w C., is stable towards dilute acids, hut decomposed by hydro- 
chloric acid, yielding phtmylocwtaidchyde. 


DERIVATIVES OF OYOI/h AXD DIO YOljhDEXTA MKXti* 


Cyclopcn tmliene when shaken with an alcoholic solution of mercuric 
chloride and sodium acetate gives a heavy white precipitate of <11- 
chloromcrcuri cyclopentadicue%C 5 n 4 {Hga).Jns(dublc!ii all solvents, 
Chloromercuri methoxy dtcyclopentudiene. To U5 grams of 
mercuric chloride in 200 e.e, of acetone-free methyl alcohol, 5 e.e. of 
dicyelopcntadiene arc added, and the mixture allowed to stand for two 
clays at 15° C. It is then littered, and the filtrate added to boiling wafer 
until turbidity disappears, and on cooling the compound is deposited in 
shin mg crystals. Yield 10 to 12 grams. If is obtained in pale yellow 
needles, M.pt. (I, when reerystallised from aqueous methyl alcohol 
l* J alcohols, ether, acetone, bnr/.cne, or acct ie acid it is readily 
soluble, also in hot alkali. Boiling potassium cyanide solution or acids 
convert it into dicyelopcntadiene ami mercuric salts. When its solution 
m concentrated sulphuric acid is warmed it assumes a pink coloration, 
with a green iluorescenee. 

II the methyl alcohol in tin* above preparation is replaced In* ethyl 
alcohol, the corresponding eflmy compound is formed. It ervstu!lises 
trom aqueous alcohol in prisms, M.pt. 08" 

The amyloxy compound is a heavy oil, which solidities at !*g (•„ 
and is soluble in hot methyl alcohol, from which solution it muv he 
]ireei pi f ated by the addition of water. 


A LK YL XA XT U A TICS, » 


ALKYL AND AMYL MKHCIHIK! 

lo the alcoholic solutions of the alkyl or nrvl meretirie hydroxides, 
obtained from the corresponding chlorides by treatment with sodium 

‘ ’I'Kj Kirmn-utlu-r, H,r„ 1(108, 4 i, 314 ; iuosi, 42 , 433..., 

: ««'«•»*<•*. MiUirlcin, AnnaMn, M ^ 

. u ‘‘ lr * A'cr. 1901,34, 71 ; Hofmann and Sftiier, Btr, t hhh;, ?a t *$|H7 

Kot<»n and Adanm, J. Amer. Chvm, Sm tt 1924, 46, 2797, 
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hydroxide in 200 e.e. of absolute alcohol, 15 e.e. of carbon disulphide 
an* added, A slight evolut ion of heat is noticed, and a faint yellow colour 
develops. Partial evaporation at room temperature precipitates the 
compounds, which are reerystallised from 95 per cent, alcohol. The 
products are white, and the yields average 70 per cent. They are 
soluble in ether, chloroform, or hot alcohol, but insoluble in water. 
Kxposurc to sunlight causes them to blacken. Iodine in chloroform 
solution decomposes the compounds, forming the corresponding alkyl 
or arvl iodides and a yellow oil. The following substances have been 
obtained ; methyl mercuric methyl mnthate, CH a O (AS SHgCILj, 
M.pt . 50 (\ ; methylmerearie ethyl , mnthate , M.pt. 89" (A; ethyl - 

mercuric ethyl » mnihute, M.pt. 5.T (A; to propyl mercuric ethyl i mnthate , 
M.pt, AH' to MO <A : n-lmtylmereurie ethyl mnthate, oil : p-tolylniercuric 
ethyl mnthate, M.pt. 128 (A : pAotylmereurie methyl t mnthate , M.pt. 115° 
(A \ benzyl mercuric ethyl mnthate, M.pt, 7 1 * (A 


pbintYATivm of Hvtm'ifvrm* ahyloxy. fatty aoiima 


From Thymo.vy ttvetie Acid. One hundred parts of the acid are sus- 
pended in 2500 parts of water and mixed with a solution of 100 parts of 
mercuric acetate. After warming for one hour at 70“ to 80° (A an 
insoluble sandy powder separates. It is purified by solution in strong 
alkali and precipitation by carbon dioxide. It is insoluble in the usual 
organic solvents, but readily soluble in alkali. The mercury is split off 
again when healed with dilute hydrochloric acid. The compound has 
the following constitution : 

Mo 




Hk 

>* 


k yO.CM ,00 

Mi 


111 the same way tin* following acids may he mcrcuratcd : a-guiacol- 
pmpitmic acid, ‘ a-mivoj'tppmpimlc acid, o-chlorophcnylgtycollic acid , 
naphthtd fatty acids or salicyh.cy-ttcetic-acid or their derivatives. 4 


mitiVATl t’Kti <>b' U YltUAXlNKS,* 

A solution of U0 grams of ethyl hydrazineearboxylate in 150 
e.e. of water is added to 0.'* grams of freshly precipitated mercuric 
oxide suspended in 1 litre of water. A violent gas evolution soon 
lakes place ami heat is developed. The yellow colour of the 
mercuric oxide disappears, and the mass becomes dirty green. Alter 
tin* reaction subsides, the whole is left for several hours, then boiled 
and filtered. The residue is boiled up several times, with about 
500 e.e. of water, and from the filtrate colourless needles separate on 
cooling. These are reerystallised from much water or a little benzene 

1 ( lemma Patent, 20 ( 220 ; r/ American Patent, J 0747 KI i British Patent., 4075 
a (.Vrmnn Patent, 2 fM 2 fi 7 , ilrak with the combination of the above tv?*' of deriva- 
tive {mm ]ih. noxyiic. tic acid with atanino to form a water-soluble double compound. 
The c.impiund at » chh.rphciioxyaccth! aciil i* combined with aodium <iicUiyllmrl.it urate. 
The mercury comjxiunda may 1 *. replaced by the derivative# of j.ynxtatechot jdyeollio acid, 
pereHoxyvalrrinnio acid or xy lentil butyric acid, and the alanine ami sodium diethyl barbit- 
urate bv urea, acid amides or imidcs, caffeine or polypeptide. ; <•/, (Jerrnan Patent, 2 I 11 H 7 B, 
• I dels ami tHhemarm, Hrr,, IW, S 3 * l ®-3 723 , 
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or toluene. Yield 5 grams. The eompound melts at i\ and has 

the following constitution ■- 

CU 1 5 < ) JIN — - N .00 ./ '» 1 1 r , 

CUr 5 (), C.Ug U^COMAh 

It is decomposed by hydrochloric aeid into ethyl hydmzodtearboxyb 
ate, mercuric chloride, carbon monoxide, and alcohol ; by piperidine 
into ethyl hydrazodicarboxylatc, mercury, and pipcryhuvthane ; by 
bromine into ethyl azodiearboxylate, mereurie bromide, and ethyl 
bromo formate. 

A similar derivative is formed from methyl hydrazine carboxylnte. 
It melts at 215° C. and has similar properties to the ethyl compound. 

lmtlVATlVK OF PYHIMtDlNHA 

Sixty parts of freshly precipitated mereurie oxide ami 50 parts of 
2: G-diliiydroxy-4-imim>-dihydropyrimitiine-!I-acetie aeid (sodium salt ) in 
200 parts of water are shaken for ten hours. The greater part of the 
mercuric oxide dissolves. The 111 irate is concentrated ht * m*un and 
the residue treated with pure alcohol, the mercury derivative being 
precipitated pure in a crystalline form. It is extremely soluble in water, 
alkalies, or carbonates, insoluble in alcohol, ether, chloroform, or 
benzene. The eompound has the constitution ; ~ 

Nil VO 

i i 

CO V dig 

i 1 

N - • V Nil 

I 

CII a .CO*Nu 

iJmilVATIVm OF HAUOYL AND NH'mSAhtor LAUWD YDHSA 

3 : 5~Diacetoxymercurl salicylaklehydtw Ten grams of the aide* 
hyde and 52 grams of mereurie acetate are dissolved in 500 can of 50 per 
cent, alcohol containing 5 e.e. of acetic acid, and heated for one hour at 
100° C. From the cold, filtered solution 52 grams of crude dineetnte 
are obtained, the lilt rate yielding a further H) grams if left overnight. 
The addition of sodium chloride to the filtrate gives 8 grants of dichioro 
compound. 

The diaeetate is soluble in acetic acid, but insoluble in other solvents. 
It crystallises in needles, M.pt. 28 F’ V, with decomposition. It is 
soluble in aqueous sodium hydroxide, ami when boiled with alcoholic 
potassium iodide the mercury is split off and safieybddehyde mid potas- 
sium hydroxide formed. With hydroxylamine or pheuylhydrazine, 
metallic mercury is precipitated. 

The above dichioro compound is insoluble in organic solvents and 
does not melt at 270° t\ 

1 German Patent, 22449 L 

" For (terivatives of pyramidon<\ see Wodmizim, Zrntr »* JlHifl, II, P12H • Oliveri- 

Mandali, (Jaszetfoi, 1921, 51, j. 125. 

3 Whitmore, and Middleton, J. Amr, Ohtm, 1 923, 4s. Ill *Mi ; lieurv mid Sharp, 

Trans, Ohem , 80 c, f 1922, 121 , 1055, 
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3(?}4!hI<>romercuri salicylaldehyde, -Ton grains of aldehyde 
in 2 litivs uf water are iron toil with 20 grains of mercuric acetate, and 
the mix! tiro mechanically stirred until no mercury ions can bo detected in 
a test portion after filtering Filtration yields 8 grams of diacetate, and 
sodium chloride precipitates 19 grams of a mixture of mono and dichloro 
compound from the lilt rate. Repented extraction with boiling alcohol 
gives a grams of pure monochioromcrcuri salicylaldehyde, M.pt. 189° to 

199 V. When this is suspended in chloroform and* treated with one 
molecular proportion of iodine, an iodosalieylaldehyde, M.pt, 52° to 58° C., 
is isolated, miodosnl icy! aldehyde melting at 55 ' V, 

^-Acetoxymercuri-5-nttrosaUcylaldehyde. Twelve grams of 

the aldehyde and 29 grams of mercuric acetate in 1*00 e.e. of alcohol and 
5 e.e. of acetic acid arc heated for one hour at 100' C. Filtration gives 
20 grams of product, which deposits pale yellow crystals from acetic acid, 
which do not melt at 200 (\ Hs solution in sodium hydroxide is yellow, 
and when acidified with hydrochloric acid gives the corresponding 
chloride* 'fills is insoluble in organic solvents and does not molt at 

200 t\ 

5 - Acetoxymercuri - 3 - nltrosalicykildehyde. Four grams of 
aldehyde and 7 grams of mercuric acetate when treated as above give 
9 grains of the compound. It is insoluble in organic solvents and does 
not melt at 200 V. 

( 'untinisutitm ttj the foregoing Me reunited Salicylaldehyde# xoifh 
Aromatic Amine#. 

2 sS-IMaeHoxymorrurl mUieylul aniline. Five grains of the di- 
acetate in to e.e. of hot aniline give 5*5 grams of a brick-red, amorphous 
produet, insoluble in organic solvents and not melting at 200" A 
similar prodnet is obtained from pdotuidine. jhAminnbenzoic acid gives 
a deep red, insoluble powder, and aathranilic acid a similar compound. 

3(?)4«hloroimMrctiri mdieyla! aniline yields (lat, yellow plates, 
M.pt. 182' to |8l insoluble in organic solvents, 

9-Hydroxymcm*ri-5-nitrosaIicyIal aniline anhydride, 

y 

li 

C.H.N CMI^Hk 

I I 
\/ 

II 

O N -<> 

is obtained by eoudensatiou lad ween 8-neetoxynauvuri-5-nitrosnlieyl 
aldehyde and aniline, t mob of acetic acid lading lost during the con- 
densaHon or on drying. It is a red, amorphous product, insoluble in 
organic solvents, but soluble in alkali. 

3-(i’hloromcrcurl-*5-nItroiwHcyIaI aniline is an orange-rod 
compound, 

ItlJUYATn t;s OF META ASH /*»// V DUOS Y HEX ZALPIAt YDES AND 
THEtH SIT MO tmMPOUNDHA 

1 - Aoetoxymercurl - 3 - hydroxybenzaldehy de , AeO.IItfXy I. t 

(OH One molecular proportion of the aldehyde m 50 per cent, 

alcohol in mixed with one* molecular proportion of mercuric* acetate 
i Henry mid Htwrp, Tram. Chem. Hoc,, 1022, xai, lOiJB. 

voi.. xi. ; i. 
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in 50 per cent, alcohol containing 1 per cent, of acetic acid. The 
mixture is boiled under reflux and the reaction mixture concentrated, 
when a precipitate separates. This is filtered off, washed with water, 
alcohol, and ether, and dried. Recrystallisation from alcohol containing 
5 per cent, of acetic acid gives colourless needles, M.pt. 185° to 186° C. 
(corr.) with decomposition. It is soluble in sodium hydroxide, and is 
coloured yellow by sulphuric acid. Iodine in potassium iodide solution 
converts it into iodo-m-hydroxybenzaldehyde, and potassium per- 
manganate in acetone solution oxidises it to an iodo-m-hydroxy- 
benzoic acid. Potassium nitrate in sulphuric acid below 0° C. gives 
2 -nitro - 3 -hy droxy b en zal d ehy d e . 

4:5- Anhydro - 3 - acetoxymercuri - 5 - hydroxymercuri - 
4-hydroxybenzaldehyde, 


CHO/V-Hg 

I I 

I I k 

\/ 0 
Hg.OAc 


When the preceding method is applied to p-hydroxybenzaldehyde, this 
anhydro derivative is produced-. It is a colourless, crystalline powder, 
insoluble in water and most organic solvents, and has no melting point. 
It is soluble in hot acetic acid, being converted into 8 : 5-diacetoxydi~ 
mercuri-k-hydroxybenzaldehyde , minute, colourless, glistening plates 
being deposited as the solution cools. This compound darkens on 
heating, but does not melt below 300° C. The dxacetoxy derivative 
gives a turbid solution in sodium hydroxide, from which carbon dioxide 
precipitates 3 : 5-dihydroxydimercuri-k-hydroxybenzaldehyde , and with 
hydrochloric acid the dichlorodimercuri compound is obtained. 

Iodine in potassium iodide solution converts the anhydro compound 
into 3 : 5-di-iodo-4-hydroxybenzaldehyde. 

The following method of preparation is a general one for the com- 
pounds now described. The nitrohydroxybenzaldehyde (1 mol.) with 
mercuric acetate (1 mol. or 2 mols.) in 50 per cent, alcohol containing 
a little acetic acid is boiled until a test portion is completely soluble 
in sodium hydroxide. 1 

5-Hydroxymercuri-3-nitro-4-hydroxybenzaldehyde occurs as 
microscopic, orange platelets, darkening about 285° C., but not melting 
a jj 300 ° C. It forms an orange solution in sodium hydroxide. Addition 
of hydrochloric acid to this solution precipitates the chloromercuri 
compound , which crystallises from alcohol in tufts of minute, colourless 
needles, M.pt. 226° C. (corr.) with decomposition. From a solution 
of the hydroxymercuri compound in glacial acetic acid the acetoxy - 
mer curi derivative separates in colourless prisms, darkening about 
no . t me ^ n ^ 300° C. The hydroxymercuri compound, 
when shaken with an excess of 5 per cent, solution of iodine in potassium 
1S converted quantitatively into iodo-3-nitro-4-hydroxybenz- 
aldehyde. J 

The mercuration of 6-nitro-3-hydroxybenzaldehyde leads to the 
production of a solid (A) consisting of dimercurated compounds, and 
concentration of the filtrate from this yields mixtures of mono- and 
dimercurated compounds. 

Products from A . — This product proves to be insoluble in the usual 
1 Henry and Sharp, Trans. Chem. Soc ., 1924, 125 , 1049. 



MERCURY. * 195 

solvents, but dissolves in formic, acetic, propionic, or n-butyric acids. 
From propionic acid, orange-yellow needles of 2 : 4-dipropionoxy- 
dimercuri-6-nitro-3-hydroxybenzaldehyde separate. These ex- 
plode at 235° C. (corr.) and are sparingly soluble in sodium hydroxide, 
to which they impart an orange colour. If hydrochloric acid is added 
to this solution, the 2 : 4 -dicMorodimercuri compound is precipitated, 
and may be recrystallised from alcohol in colourless, microscopic needles. 

The monomercurated compound is obtained from the more soluble 
fractions by extraction with ether, dissolving the residue in potassium 
hydroxide solution and adding hydrochloric acid. Monochloro- 
mercuri-6-nitro-3-hydroxybenzaldehyde is thus precipitated. It 
decomposes at 198° C. (corr.). The dimercurated product is converted 
by 5 per cent, bromine in alcohol into 2 : 4-dibromo-6-nitro-3-hydroxy- 
benzaldehyde, and with iodine in potassium iodide solution into 2 : 4-di- 
iodo-6-nitro-3-hydroxybenzaldehyde. The monomercuri compound in 
a similar manner yields monoiodo-6-nitro-3-hydroxybenzaldehyde. 

If two molecular proportions of mercuric acetate be used, most of 
the product consists of dimercurated compounds. 

4-Nitro-3-hydroxybenzaldehyde also yields a mixture of compounds. 
The dimercurated product appears to be a hydroxymercuri-acetoxy- 
mercuri-4-mtro-3-hydroxybenzaldehyde. It is insoluble in most 
solvents, but gives 2 : 6-diformoxydimercuri-4}-nitrO‘3-hydroxybenzalde - 
hyde from hot formic acid solution. It crystallises in pale yellow needles, 
which darken at 120° C. and explode at 257° C. When boiled with formic 
acid, metallic mercury separates. It gives a red solution in potassium 
hydroxide, from which hydrochloric acid precipitates the 2 : 6-dichloro- 
dimercuri derivative. This crystallises from alcohol in bundles of 
minute, pale yellow needles, which darken at 240° C. but do not melt 
at 300° C. When heated in vacuo it loses a molecule of water at 60° C., 
and decomposes at 282° C. (corr.). Its potassium hydroxide solution 
is decomposed by carbon dioxide with precipitation of 2 : 3-anhydro- 
2 : 6-dihydroxymercuri-4-nitro-3-hydroxybenzaldehyde. The di- 
mercurated compound may be converted by the usual means into a 
di-iodo-4-nitro-3-hydroxybenzaldehyde. 

Monoformoxymercuri-4-nitro-3-hydroxybenzaldehyde may 
be obtained from the monomercurated compound. It melts at 233° to 
235° C. (corr.) with decomposition. Other compounds from this 
hydroxybenzaldehyde are : propionoxymercuri-4i-nitro-3-hydroxybenzalde- 
hyde, pale orange needles ; chloromercuri-k-nitro-3-hydroxybenzaldehyde, 
decomposing about 187° C. The monomercuri compounds may be 
converted to an iodo-4-nitro-3-hydroxybenzaldehyde. 

Using the general methods described in the preceding cases, 2-nitro- 
3-hydroxybenzaldehyde yields the following derivatives : hydroxy - 
mercuriacetoxymercuri-2-nitro-3-hydroxybenzaldehyde , amorphous ; di - 
acetoxydimercuri-2-nitro~3-hydroxybenzaldehyde , pale yellow needles ; 
dichIorodimercuri-2-nitro-3-hydroxybenzaldehyde, pale green, decom- 
posing at 236° C. (corr.); acetoxymercuri-2-nitro-3-hydroxybenzaldehyde f 
bundles of microscopic needles, not melting at 300° C. ; chloromercuri - 
2-nitro~S~hydroxybenza,ldehyde , decomposing about 207° C. 

Other substituted Benzaldehydes . 1 — 2 -Hydroxy-3-acetoxymercuri- 
5-tert.-butylbenzaldehyde. — The aldehyde and mercuric acetate 
in molecular proportions are dissolved in alcohol containing acetic acid 

1 Henry and Sharp, loc. cit. 
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and boiled for fifteen minutes. The hot solution is then poured 1 3 
a large volume of water, the resulting white precipitate filtered 
immediately and dried in vacuo . Recrystallisation from alcohol 
taining acetic acid gives white, needle-shaped crystals, M.pt. 22<> 

If the above preparation be repeated without using a solvent anti J 
mixture heated for two hours on the water-bath, a 73 per cent. V L 
is obtained. 

2-Hydroxy-3-acetoxymercuri-5-isoamylbenzaldehyde. 

compound is prepared by the second method mentioned above- 
crystallises in bundles of white needles, M.pt. 134° to 135° C. 

DERIVATIVES OF ACETOPHENONE A 

Phenacylmercuric chloride, C 6 H 5 .CO.CH 2 .HgCl. — Two part h 
mercuric acetate and three parts of acetophenone are quickly heate* I 
an oil-bath to 150° C., and the temperature maintained until mere*! 
ions can no longer be detected. The mixture is filtered hot and trei* I 
with an excess of aqueous sodium chloride. The precipitate is extra* *1 
with ether to remove the excess of acetophenone and recrystallised IV* 
high-boiling ligroin. Needles are obtained, M.pt. 145° to 14<>' 
Warmed with dilute hydrochloric acid it gives acetophenone 41 
mercuric chloride; and with cold ammonium sulphide, acetophenc 
and mercuric sulphide. Bromine yields phenacyl bromide. 

It reacts violently with ethyl magnesium bromide forming (cliff* 
mercuri methyl) -ethyl-ph enyl-carbinol, 

Et 

i 

C 6 H 6 — C— OH 

I 

CH 2 .HgCl 

This is a crystalline powder, M.pt. 129° to 131° C. with deco 
position, ammonium sulphide decomposing it with the formation 
mercuric sulphide. 

Acetophenone yields a precipitate when added to an aqueous sola t i 
containing mercuric cyanide and sodium hydroxide. It is a pale yell* 3 
insoluble powder, which retains about 3 per cent, of water when dri 
in air. Like the acetone compound, it is decomposed by potass it 
cyanide or hydrochloric acid. Its constitution may be- expressed 
3(C 6 H 5 .CO.CH=Hg), HgC 2 N 2 or 

CN.Hg.CH.Hg.CH.Hg.CH.Hg.CN 


CO 

CO 

CO 

1 

c 6 H 5 

c 6 h 5 

1 

C c H 


Diphenylm ethyl ketone also gives a compound with mercuric cyan! 
in alkaline solution. 

Products from Benzalacetophenone . 2 — a - Acetoxymercuri - /3 - me t 
oxy-/3-phenylpropiophenone. — A solution of 25 grams of benzalaetd 

1 Dimroth, Ber., 1902, 35 , 2853 ; Marsh and Fleming Struthers, Trans . Ohem. 
1905, 87 , 1881 ; Grignard and Abelmann, Bull. Soc. chim ., 1916, [ivj, 19 , 18. 

2 Middleton, J. Amer. Chem. Soc., 1923, 54 , 2763. 
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phemme ami 38 grams of mercuric acetate in 250 c.c. of absolute methyl 
alcohol is allowed to stand until a sample is soluble in sodium hydroxide. 
The solution yields 53 grams of product on evaporation, and when 
reerystallised from methyl alcohol it melts at 115° C. When treated 
with potassium bromide (i mol.) in alcoholic solution it yields the a- 
hvomtnnereun drri vative, M.pt, I U C., but with one molecular equi- 
valent of bromine the mereurv is split off, and a-bromo-j3-methoxy-j8- 
phenylpropiophemme is formed. The latter compound when treated 
with sodium methylate and afterwards with mercuric acetate yields the 
diaeetoxymereuri derivative of dihenzoyl methane. The above a- 
hromomereuri compound reacts with ethyl magnesium bromide, giving 
/J-phenyl vulerophemme and mercury diethyl. The a-acetoxymercuri 
derivative is slowly decomposed by cold hydrochloric acid, and rapidly 
by lad acid, mercuric chloride and henzaiacetophenone being formed. 
Hydrogen sulphide gives an immediate precipitate of mercuric sulphide 
when passed through an alcoholic solution of the compound, and an 
aqueous solution of potassium iodide on boiling decomposes the com- 
pound with the formation of henznhieetophenone. 

In a similar manner the following compounds may he prepared, and 
have properties like those of the above compounds;— 

«» . lain vyinerenei-jhethuiipji- phenyl propiophenone is formed as 
above, but using ethyl instead of methyl alcohol in the preparation. It 
melts at 1 3 I ' C\ 

The n hromumn'curi rompouml melts at .1.218° Ch, and a -aaetomj- 
mn run' j 1 ! niethtivtpfl* phenyl* p«ehtnro pro pinphenone has M.pt. 12 l<° C. 
Dibenzalaeetoue yields an atrUwymervurimetluhvy derivative, M.pt. 183° 
C\ ; ami an eiinwy compound, M.pt* IK8 !! to 100" (•. 

HMUVATnfr't OF MCXXOPHUXoNUP 

o-Chloromereuri benzopherume. Dry mercuric acetate is heated 
with an excess of ben/opheuoue (3 mols, ) in an oil-bath at 120° 0. 
and finally at 130 (’. until the reaction is complete. The mixture is 
pouml into a hot salt solution and shaken with ether. The latter is 
distilled off and the benzophemme removed by ligroin, a mixture of 
mono ami dimereuruted compounds remaining. Keerystallisntion 
from alcohol produces glittering plates of the mono derivative, M.pt. 
107 to 1 0H i\ Yield 10 per cent. It is readily soluble in acetone, 
chloroform* or ethyl acetate* sparingly in ligroin* It is decomposed by 
boiling hydrochloric arid into benzophemme and mercuric chloride, and 
its uarm solutions fire slowly decomposed by hydrogen sulphide. With 
magnesium ethyl bromide it forms phenyl a-chloroinereuriphenyl ethyl 
mrhimtl , uliiclt’iimy be crystallised from etherdigroin, M.pt. 100° 0. 
with decomposition* It reacts vigorously with (Srignard reagents, 
but gives ini react ion in the cold wit It hydrogen or ammonium sulphides, 
owing to the attachment of the mercury to the nucleus, us shown : 

Kt 

I 

c«H» e- Cgii^iigci 

on 

1 tamrndf« lift , * lung, js* 2H.VI ; Ufigimrd tuut Abelnmnn, Hull, Hoc, chi m., 191(1, [iv.J, 

19 , IH* 
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The dichloromercuri compound crystallises from hot alcohol as a 
yellow powder. 

o-Bromomercuri benzophenone is prepared in a similar manner 
to the chloride. It melts at about 176° C., is difficultly soluble in alcohol 
or ether, and bromine transforms it to bromobenzophenone. The latter 
gives o-bromobenzophenone oxime (M.pt. 132° to 133° C.), and this with 
alkali gives phenyl indoxazene, thus fixing the constitution of the bromo 
compound. 

DERIVATIVES OF INDANDIONE AND OXINDONE . 

2-Chloromercuri-2-carbethoxy-indandione, 1 

/ C0 \ 

C 6 n/ >C(C0 2 Et)HgCl 

xxx 

The sodium compound reacts with aqueous mercuric chloride to give 
the^above derivative. It crystallises in colourless prisms, M.pt. 240° to 
245 C., and is insoluble in the usual solvents, but dissolves in pyridine. 

2 - Ghlor omercuri -2 - acetyl -indandione , 



The condensation of ethyl phthalate and acetone in the presence of 
sodium yields 2-acetyl-indandione, and this reacts with mercuric chloride 
forming a colourless, micro-crystalline powder. 

2 -Ghlor omercuri indandione is obtained by treating sodio-1 : 3- 
diketohydrindene with excess of mercuric chloride in aqueous or alcoholic 
solution. The pale yellow salt is easily soluble in pyridine, but with 
aimculty m sodium hydroxide. When shaken for two days with sodium 
carbonate the colour changes from yellow to white, and the correspond- 
mg hydroxide is obtained as a white solid. 


DERIVATIVES OF CAMPHOR* 

aa-Di-iodomercuri camphor. — 1 . Camphor (9 grams) is dis- 
solved m a solution containing 1-5 grams of potassium in 50 c.c. of 
a solute alcohol. The addition of 13*5 grams of mercuric iodide gives 
no precipitate and the solution is poured into water, a white product 
being deposited. The liquid is saturated with carbon dioxide to prevent 
reduction, and the precipitate collected and dried. It is digested with 
aqueous potassium iodide to remove excess of mercuric iodide, washed 

equation* 6 ’ 5 gTamS ’ Reaction is in accordance with the 

DC 10 H 16 O+4HgI 2 +2KOC 2 H 5 =C 10 H 14 OHg 2 I 2 +2KHgI 3J 4C 10 H ie O 

+2C Ii 0 

to a 2 m£w °' 75 /* am of camphor in a little petroleum is added 
to a mixture of 50 c.c. of Normal potassium hydroxide and 6-7 grams of 

l Hantzsch and Gajewski, Anmlen, 1912, 302 302 
“ Peters, Ber., 1907, 40, 235. 

1910,“l0 nd Heming Stmtiler3 ’ Tmns - Chen - Soc -> 19 <>9. 95, 1777; Marsh, ibid., 
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mercuric iodide, and the mixture shaken until the red colour disappears. 
The petroleum is removed in vacuo and the precipitate washed and dried. 
The above quantities are taken in accordance with the equation : 

C 10 H 16 O +3HgI 2 +2KOH— C 10 H 14 OHg 2 I 2 +K 2 HgI 4 +2H 2 O 

It is found, however, that the product contains a small variable 
amount of the compound CioHi 4 O.Hg 2 0. 

3. By the action of cold glacial acetic acid on the substance (C 10 H 14 O) 3 
Hg 4 I 2 , a 53 per cent, yield of di-iodide is obtained. 

(C 1 0H X4 O)3Hg 4 I 2 +2C 2 H 4 O 2 =C 10 H 14 OHg 2 I 2 +2C 10 H 15 O.Hg.C 2 H 3 O 2 


The di-iodide is a colourless, amorphous powder, insoluble in water 
and neutral solvents. It sublimes without melting and apparently 
without decomposition. It is unaffected by aqueous potassium iodide, 
and is insoluble in alcohol or acetone, but when mixed with potassium 
iodide it is soluble in both these solvents. 

Compound (C 10 H 14 O) 3 Hg 4 I 2 — This body is prepared by dissolving 
camphor in a little petroleum and heating on a water-bath for twenty- 
four hours with an alkaline solution of potassium mercuric iodide. The 
precipitate is dried at 100° C. A 51 per cent, yield is obtained using 
2 grams of potassium iodide, 21 grams of camphor, and 63 grams of 
mercuric iodide, the latter being added in thirteen stages. 

It is a pale yellow, amorphous powder, scarcely affected by ordinary 
solvents. Aqueous potassium iodide only slowly decomposes it, but 
in acetone solution the decomposition is rapid. Halogen acids yield 
mercuric salt and camphor. Concentrated nitric acid oxidises it to 
camphoric acid, and concentrated sulphuric acid decomposes it, with 
separation of mercuric iodide. Cold glacial acetic acid gives di-iodo- 
mercuri camphor, but hot glacial acetic acid yields a -acetoxymercun 
camphor only, no di-iodide being formed. 

C 1 oH 14 0 3 Hg 4 I 2 +3C 2 H 4 0 2 =HgI+3C 10 H 1 50.Hg.C 2 H 3 0 2 


With a cold solution of iodine in benzene (C 10 H 14 O) 3 Hg 4 I 2 yields 
di-iodocamphor. Prolonged heating with potassium hydroxide eventu- 
ally gives a compound represented by (C 10 H 14 O) 2 Hg 3 O. Condensation 
of camphor with mercuric iodide in the presence of alkali probably first 
forms the di-iodo compound, which on further heating condenses to 
(C in HiiO),Hg 4 Io. If in the preparation of the latter the amount ol 
potassium iodide is diminished, a compound agreeing with the formula 
(CioHi 4 0) 5 IIg 6 I 2 is formed. It is likely that the potassium hydroxide 
and iodine acting on (C 10 H 14 O) 3 Hg 4 I 2 , first form more ^Y^nsed 
compounds, (C 10 H 14 O) 4 Hg 5 I 2 and (C 10 H 14 O) 6 Hg e I 2 , and the latter is 
decomposed by potassium hydroxide as follows : — 


4(C 10 H 14 O)3Hg 4 I 2 =8(C 10 H 14 O) 4 Hg5l 2 +Hgl2 

5(C 10 H 14 O) 4 Hg 5 I 2 =4(C 10 H 14 O) 5 Hg 6 I 2 +HgI 2 

(C 10 H 14 O) 5 Hg 6 I 2 +2KOH=2(C 10 H 14 O) 2 Hg 3 O+C 1 0H 16 O+2KI 

In the series (C 10 H 14 O) 2 Hg 3 I 2 is missing, but is probably represented 

bj SchloSmef’curi camphor, C 10 H }S O.HgCl.-The 

(C H 01 Ho- is dissolved in cold glacial acetic acid and the solution 

Safed sodium^^hloride. It c^stallises well from glacial acetic 
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acid, the crystals melting at 222° C., but is insoluble in water. The 
bromide separates from glacial acetic acid in colourless, transparent 
crystals, M.pt. 220° to 221° C., insoluble in water. Using potassium 
iodide, the a -iodomercuri compound is obtained as a double salt with 
mercuric iodide, C3LqH25O.HgI.HgI2. The mercuric iodide may be 
removed by the action of potassium iodide in neutral solution, the 
a-iodide being left as a nearly colourless precipitate. It crystallises 
from ethyl acetate in minute, colourless crystals, M.pt. 184° C., decom- 
posed by glacial acetic acid. 

a-Mercuri camphor oxide, (C 10 H 15 OHg) 2 O, is obtained from 
i ff e ^ a ^ e ky treatment with pure potassium hydroxide. It is readily 
soluble m alcohol or carbon disulphide, evaporation of the latter solution 
leaving a clear, transparent glassy solid. 

In all the above compounds the mercury appears to be in the mercuric 
s ate, no mercurous salts having been obtained by decomposition with 
halogen acids. The structural relationships of the mercury and iodine 
derivatives to camphor quinone is shown by the formula; : 


C r H 


'S' 11 !! 


'CHg 2 I 2 

■CO 


C.H 






CrH 


yKyKJ 




■CO 


Products from Camphorcarboxylic acid. 1 — To a methyl alcohol 
solution of 98 parts of the acid, a solution of 160 parts of mercuric 
acetate is added, a precipitate soon separating. After twelve hours 

2d dried* 6 Th filtere ^ ?* rCSidue washed with alcoho1 and water, 
and dried. The product is a snow-white powder. The carboxylic 

in a The reactioifts 



OAc 

OAc 


HoC, 


H 2 C 



coon 

HgOAc 


-|CH 3 .CO.OH 


of 


From Cam-phene*— A saturated aqueous solution of 9 mnk 
mercuric acetate is shaken with a „-r , , , L 1 n , loLs 

petroleum ether for thirty davs Whri. A m ° L ° ca fP liene 
are obtained M nt 1 88° i fio° n ghstenmg, colourless plates 

yfelds d 2amp2ent m “ aqUG ° US ^ hydroxide! 

l-Pinene when treated with mercuric acetate yields dioxypinene.* 

1 German Patent, 275932. 

2 Balblano and Paolini, Per., 1903, 36, 3575. 

xsalbiano and Paolini, Per., 1902 2QQ4 * Atti 7 ? a j r • 

’ xmtt, 35, zyji ; Mti. B. Accctd. Lmcei, 1902, [v.], u, ii. 65. 
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DKltlVATlVKS OF TFltPiXFOL AND DIMFTH YLHEPTMSOLA 


Yrllmv muivurit* uxidr is dissolved in 20 per cent* nitric acid, and 
potassium hydroxide added until the basic nitrate begins to appear. 
An ethereal solution of terpineol is then added and the mixture 1 shaken 
until a clear solution is obtained. More potassium hydroxide is added 
and tin* precipitate* attain dissolved by more terpineol, these processes 
beany repeated until the addition of tin* alkali gives a black precipitate*. 
The solution is then made strongly alkaline, and potassium iodide 
added, w ben io<lome*r<‘uri e*im*ol is at once precipitated. This is bltered 
off, and from the tilt rate in a few days a crop of a-iodomercuri tran$- 
tei pineol rrystnllises out. If these* crystals are lUte*re*d off and carbon 
dioxide* passed through the liltrute, /J-lodomercuri-trans-terpineol 
is preeipit at ed. 

a-lodomereuri eineol, 

A' II, ■ VIU \ 

Ole <r — Ole^CH 

M’H(Hgl)- Cl\,y 


crystallises from alcohol in small, glistening prisms, which dissolve very 
readily in cold benzene or chloroform. It becomes yellow at I15 u C. 
and melts with decomposition at 1 52 to 151- (\ It does not yield a 
ben/oate, and mlnolion with sodium amalgam does not give a terpineol, 
but a mobile oil. This gives precipitates with hydrogen chloride, 
bromide, or ferruey anide, and is therefore probably eineol, The corre- 
sponding rhlnridr crystallises from alcohol in felted needles, M.pt . H»2 U (•., 
and unlike the iodide is readily soluble in alkali. 
a-lodomercuri-tnms-terpineol t 


OH 


/ :n * 

\’ii(iigi) 


CIU 

>CH.CMc a .OIl 

vu/ 


Tills separates from benzene in glistening, colourless prisms, which 
arc sensitive to light, become red at 120 ('., and melt at 1 !■ I t. with 
decomposition. It is readily soluble in hot benzene, ether, alcohol, or 
concentrated potassium hydroxide solid ion. hut less so in ethyl acetate, 
ft may he obtained from the /i-lbrns by boiling the latter with organic, 
solvents. The a- form combines with alcohol to form an alrohohitr, 
r,oH„0..1HK.t , l !l,0. which crystallises from alcohol in glistening 
needles, turning red and melting at itiJKV C. II is reduced to trans- 
terpineol by sodium amalgam, or by electrolysis. 

/Modoniemiri-trans-terpineol, M.pt. iSH <„ separates from 
organic solvents ns an oil. It is very soluble in ether, elhjd i see lute, 
alcohol, eohl acetic acid, potassium hydroxide or halide solution, with 
di tlieul t v in cold benzene. It is reduced to trans-tcrpiueol by sodium 
amalgam, and win verted to the adorns by boiling with organic solvents. 
Since the adorns is readily converted into terpineol by minertsl acids, 
it is probably the ris eomposmtl, whilst the fi4 brm, which is only slowly 
drrumposrtl, is the tfttUH form. , 

a- and fj - Mcrcuridimethylheptanediol iodides. I )i methyl - 

1 , Snail unit Hitigcr, Ihr,, JW0!2, 35 , 3170 1 Ann, dm, 11KI3, 329 . !<><*■ 
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heptenol, CMe 2 =CH.CH 2 .CH 2 .CMe 2 .OH } readily dissolves in aqueous 
mercuric acetate solution, and addition of alkaline potassium iodide 
solution precipitates two 'pairs of isomeric iodides . One pair of iodides 
are soluble in alkali hydroxides, and have the constitution : HO.CMe 2 . 
CH(HgI).CH 2 .CH 2 .CMe 2 .OH. The a -form is a solid, M.pt. 124° to 
125° C., and differs from the jS -form in its solubility and stability towards 
acids. 

The second pair of iodides have the cyclic structure, 


/CMe 2 (X 

HgLCH— < >CMe 

\ C h 2 — ch/ 


2 


and are prepared as above, but with the addition of 10 per cent, potas- 
sium hydroxide before adding the potassium iodide. The a -form is 
a solid, M.pt. 108° to 110° C., whilst the /? -form separates as an oil, 
and may be separated from the a-form by treating the mixture with 
cold alcohol. The oil is insoluble in concentrated potassium hydroxide 
solution, soluble in alcohol or ether, and slowly changes to the a-form 
in the presence of alkali. 

When the alkaline filtrate from these cyclic iodides is treated 
with carbon dioxide, the unstable fi-mercuridimethylheptanediol iodide is 
precipitated as an oil. The latter when boiled or kept in the presence 
of alkali for some weeks changes to the stable a-modification, M.pt. 
124° to 125° C. 

Allylacetoxime . 1 — When allowed to react with mercuric acetate 
this compound yields an hydro-iso-oxazole derivative, 


IIgI.CH 2 .CH 


CHL — CEL 


0 - 


-N' 


>CMe 


M.pt. 122° C., which may be crystallised from alcohol. 

Methylheptenone oxime. — The products derived from this body 
depend on the conditions under which the reaction takes place. If 
the oxime be treated with mercuric acetate in presence of potassium 
bicarbonate and potassium iodide be added, a solid is obtained. This 
product when dissolved in methyl alcohol gives a precipitate with 
ether, which decomposes at 150° C. and probably has the constitution, 
(C 8 H 14 ONIHg) 2 HgT 2 . The alcohol-ether mother-liquors contain a 
more soluble isomeride, M.pt. 114° C. The above preparation wheti 
carried out in acid solution gives a mixture of compounds which are 
separated by treatment with cold alcohol. The a-form is a white, 
crystalline substance, M.pt. 94° C., yielding a picrate, sintering at 
65° C., and melting at 78° to 80° C. The ft-form is an insoluble, 
yellow, crystalline body, M.pt. 123° C., and probably has the constitution, 


HgI.CH<^ 


CMe 2 — O NI.Hgl 

II 

CH 2 — CH 2 — C.Me 


If potassium bromide be used for precipitation instead of the iodide, 
a bromide, C 8 H 14 ONBr 3 Hg 2 , M.pt. 123° C., is obtained ; both the iodides 

1 Sand and Singer, Annalen, 1903, 329, 166. 
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and bromide have half their mercury precipitated as metal, when treated 
with hydrazine in the presence of alkali. 

Ethylhexenol, CH^CH.tCHJa.C.MeEtOH. 1 — This compound is 
dissolved in mercuric acetate solution and potassium iodide solution 
added, when an oil is precipitated ; carbon dioxide is then passed in. 
Extraction with ether and evaporation of the solvent yields a crystalline 
compound, M.pt. 44° C., to which the following structure has been 
assigned : — 

CH 2 CMeEtv 

I >0 

CH 2 .CH (CH 2 .HgI Y 

This appears to be a tetrahydrofurfurane derivative, since it gives 
an oily iodide with iodine, an aldehyde when oxidised by chromic acid, 
and is found to be saturated when treated with potassium permanganate. 
The iodide is reconverted to ethylhexenol when acted upon by hydro- 
chloric acid. 


DERIVATIVES OF AZO COMPOUNDS. 

Mercuration of these compounds leads to dimercurated products if 
the ortho and para positions with respect to the amino or hydroxyl 
groups are available. No meta compounds are obtained. 

Hydroxymercuri - acetoxy mer curi - benzeneazo - phenol anhy- 
dride , 2 

/O 


CJ~I 6 N 2 .C 6 H 


i(Hg.OAc)<^ 


Hg 


Mercuric acetate (32 grams) in 150 c.c. of water and 20 c.c. of acetic acid 
is added to 10 grams of benzeneazo-phenol in 300 c.c. of alcohol. The 
red mixture is heated on the water-bath for six hours. An orange 
precipitate is formed, filtered, washed with dilute hot acetic acid, water, 
and alcohol, and dried at 110° C. Acetic acid is lost during this process, 
and to obtain a uniform product the substance must be dried at 120 C. 
It is purified by dissolving in 150 c.c. of glacial acetic acid and adding the 
solution to 400 c.c. of alcohol. The resulting product is washed with acetic 
ac id — alcohol mixture and ether and dried at 120° C. It is the loss of acetic 
acid which accounts for the formation of an anhydride. A yellow-brown 
powder is finally isolated, which does not melt at 300 C. It is readily 
soluble in glacial acetic acid, insoluble in hot water, and sparingly soluble 
in alcohol, chloroform, ethyl acetate, benzene or nitrobenzene. When 
dissolved in 5 per cent, potassium hydroxide, and the hot filtered solu- 
tion treated with saturated sodium chloride solution, the dichloromercun 
compound is precipitated. The orange-red precipitate is washed with 
water and digested with hydrochloric acid, the colour changing t° brick 
red. It is filtered, washed with hot water and alcohol, and dried at 
110° C. It forms a dull red, amorphous powder, which does not melt 
at 300° C. and is insoluble in the usual solvents. The corresponding 
dibromide is a brownish-red powder, having similar properties to the 
dichloride. 

i Sand and Singer, he. cit. 

i Smith and Mitchell, Trans. Ghent, hoc., 1908, 93 , 847. 
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Diacetoxymercuri-2 : 4 : 6-tribromobenzeneazo-phenol, C 6 II 2 
Br 3 .N 2 .C 6 H 2 (Hg.OAc) 2 .OH. — Six grams of mercuric acetate (2 mols.) 
are dissolved in 20 c.c. of water containing I c.c. of acetic acid 
and a solution of 4 grams (1 mol.) of the hydroxyazo compound in 
200 c.c. of alcohol added. After six hours 5 heating on the water-bath 
the precipitate is filtered, washed with dilute acid, then water, and dried. 
It is purified by recrystallisation from glacial acetic acid. It is a pale 
red, micro-crystalline powder, not melting below 300° C., and sparingly 
soluble in the usual solvents, with the exception of acetic acid. It loses 
acetic acid at 120° C. 

Acetoxymercuri - benzeneazo - o - nitrophenol, C G II 5 .N 2 .C G H 2 
(N0 2 )(Hg.OAc).OH, yields a pale yellow, crystalline powder, not melt- 
ing below 300° C. and insoluble in all solvents except acetic acid. The 
bromide is a pale yellow powder. 

Acetoxymercuri - benzeneazo - p - cresol, 1 C 6 H 5 .N 2 .C 7 H 5 (OH). 
Hg.OAc. — Mercuric acetate in very dilute acetic acid is boiled under 
reflux with alcoholic benzeneazo-p-cresol for seven hours. It is purified 
by fractional precipitation from its acetic acid solution by water, and 
recrystallisation from glacial acetic acid. It crystallises in red-brown 
needles, M.pt. 269° to 270° C. with decomposition, and has similar 
solubilities to the above compounds. Its chloride melts with decom- 
position at 246° to 248° C. Dimroth prepared these compounds from 
acetoxymercuri-p-cresol and benzene diazonium chloride. 2 3 

8(?) - Acetoxymercuri - 2 - nitro - 4 - benzeneazo - a - naphthol. 2 
— A mixture of 1 gram of the azo-a-naphthol in 250 c.c. of boiling water 
containing 5 c.c. of glacial acetic acid and 2*5 grams of mercuric acetate 
in 5 c.c. of warm water is heated for six hours on the water-bath. The 
mixture is filtered hot, washed with alcohol, boiling water, and hot 
dilute acetic acid. It is a lustrous, reddish-brown, crystalline mass, 
blackening at 220° C., but not fusing at 270° C., practically insoluble in 
all solvents. 

8(?) - Acetoxymercuri - JB - benzeneazo - a - naphthol, C c II 5 . 
N 2 .C 10 H 5 (OH).Hg.OAc, is a brick-red powder, darkening at 180° C. 
and melting with decomposition at 208° C. 

8(?) - Acetoxymercuri - 4 - nitro - 2 - benzeneazo - a - naph- 
thol is a red substance having the appearance of amorphous phos- 
phorus, melts with decomposition at 221° to 222° C., and is practically 
insoluble in all solvents. 

Acetoxymercuri - bis - benzeneazo - a - naphthol, (C fl H 6 .N 2 ) 2 . 
C 10 H 4 (OTI).Hg.OAc, forms lustrous black needles with a bronze lustre. 

The following derivatives of azo dyes have been isolated : — 4 
Dihydroxymercuri-dihydroxyazobenzene sulphonic acid. — By 
the action of mercuric acetate on the mono-potassium salt of chrysoine in 
hot water or alcoholic solution containing a little acetic acid. 

Dihydroxymercuri - j8 - naphthol- azobenzene sulphonic acid, 
by a similar method to the above, using “ Orange II. 55 

Mercuri-bis (hydroxymercuri - j8 - naphthol-azobenzene sul- 
phonic acid), by heating “ Orange II 55 in methyl alcohol containing 

1 Smith and Mitchell, Trans. Ohem. S loc., 1908, 93 , 847 ; Dimroth, Ber., 1902, 35 , 2858. 

2 Dimroth’s memoir also describes further reactions of benzene diazonium chloride 
with mercurated phenols and p-cresols. 

3 Mitchell and Smith, Trans. Ghtm. Soc . , 1909, 95 , 1430. 

4 Proskouriakoff and Raiziss, J. Amer. Ghem. Soc., 1925, 47 , 1974. 
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acetic acid with 2 equivalents of mercuric acetate. It is a red, amorphous 
I >m\ der. 

Dihydroxyinercuri-hydroxyazobenzene sulphonie acid, brown- 
ish-red powder. 

Mereuri-bis (nitrobcnzene-asosulicylic acid) is a light brown 

powder. 


Compounds formed by diazotising p-aeetoxymercurhuuline, and 
coupling it with various compounds : 1 

4-Aoetoxymerc«ri-4 # -dimethylaminoazobenzene yields brick- 
red crystals having a violet reflex. M.pt, 215 ’ V. With sulphuric acid it 
forms' reddish brown solutions having a, green iluoreseenee, and with 
nitric mat hydrochloric aeids sparingly soluble salts arc formed. 

4«Aectoxymereuri-4 , -cliethylaminottzobenzene consists of glit- 
tering orange brown plates* becoming red at 120 (\ and melting at 

lot* 5 to 150 ( . (eorr. )» 

p-Aeid(>xymcrcuribenzcneazc)-phenol»<>rang<‘ crystals, M.pt. 218° 
to 2 10 C. (eorr.). 

p-Acetoxymercuribenzencazo-resorcinol. Dark brown powder, 
sintering at 1UO (\ and melting with decomposition at 100" to 105" C. 

4 - p - Acetoxymercuribenzeneazo - 1 - naphthylamine - 5 - sul- 
phonie acid, brownish-black, micro-crystalline powder, decomposing 
at 280 i\ 

5 - Aeetoxymercuritolnene - 2 - azophenol is obtained from 5- 
nerln\y!mwuri«n»iohtUlim\ M.pt, 204*5" to 205" l\ (eorr.). 


umti VAT l VMS OF U YhHOX YAKontiNZFSFX* 


Sodium - 3 - chloromercuri - 4 - hydroxy - azobenzene - 4' - 
milphonute is formed by diazotising sulphanilie add and adding the 
diiizotiscd solution to n cold solution of o-ehloromereuriphenol in sodium 
hvdroxiile. The coupling requires about four hours for completion. 
The mixture is then acidified with acetic acid, when the sodium salt of 
the a/o compound separates ns a heavy, orange -yellow precipitate. 1 he 
product is reervslidtised fmm hot water, air-dried, and then dried in a 
vacuum dryer at 50 i\ Sima* the V Hg linkage is easily split it is 
impossible to obtain, the tree acid, the react urn is lepnstuUd as 

follows ; 


no ; > ! my' > wi,h i snaoh 

i 

HtsCl 

jj,,/ \~N N ^ J>~KO„N.i I Nn(!l I H a 0 

ittl 

Ju n similar manner o-dtkmmtercuriphentd 1 uih been coupled with 
the following iliozot isctl aromatic acids : ~ 


• .Iih oIw Mini llt iitidlrwr, J. HM. Ohrm., Hdfi, 30, 5 t:t. 

» Whit mi mv, Hiuw.ui, nml l.-tmk. Amur. Ohm. hoc., 1 » 2 «, 48, UH.t. 
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Amino Acid. 

Product. 

Colour, 

Metanilic . . . \ 

Naphthionic . . J 

Anthranilie . . 1 

m-Aminobenzoic . . > 

p-Aminobenzoic . . J 

Sodium salt 

Free acid 

/Yellow. 

\ Orange, 
f Red. 

■1 Red. 
Red-yellow. 


Sodium anhydro - 2 - hydroxy - 3 - hydroxymercuri - 5 - 
methyl - azobenzene - 4' - sulphonate. — In this case 2 : 6-diacetoxy- 
mercuri-p-cresol, in sodium hydroxide solution, is added to the diazo- 
tised sulphanilic acid. The mixture is stirred for ten hours and cooled 
in ice during this period. Acidification with acetic acid precipitates 
the slightly soluble, yellow sodium salt. It is purified by crystallisa- 
tion from water. Strong acids remove the mercury completely, so that 
the free acid cannot be obtained, and attempts to prepare the chloride 
have been unsuccessful. The reaction is represented as follows : — 

CH 3 

^>— Hg.OAc + ClN 2 -<^ ^>-S0 3 H + 4NaOH 

Hg OH 
OAc 

ch 3 

- ^>-N = N— ^>— S0 3 Na 

|“ 1 X + NaCl + HgO -1- 2NaOAc + 3H*0 

Hg — 0 

Anhydro - 2 - hydroxy - 3 - hydroxymercuri - 5 - methyl - 
azobenzene - 2' - carboxylic acid is prepared using anthranilie 
instead of sulphanilic acid. The free acid is deep red, but no method is 
available for its purification, owing to its insolubility in all except basic 
solvents. The purest product is obtained when exact quantities of 
carefully purified anthranilie acid and mercurated cresol are used. 

In a similar manner, anhydro -2 -hydroxy-3 -hydroxymercuri-5- 
methyl -azobenzene -4' -carboxylic acid is prepared, and its pro- 
perties are very like those of its isomer. 

DERIVATIVES OF METHYLENE BLUE A 

The work done on this compound, which presents numerous difli- 
culties, is admitted by Chalkley to be very incomplete. To obtain 
complete mercuration, a large excess of mercuric acetate has to be 
used. With three molecular equivalents of the latter, benzoyl-leuco- 
methylene blue yields an acetoxymercuri compound in the form of a 
white powder, which gives a yellow sulphide with hydrogen sulphide. 
Methylene blue acetate heated with 15 mols. of mercuric acetate in 
aqueous solution in the presence of acetic acid gives two organic mercury 

1 Chalkley, J. Amer. Chem. Soc. t 1925, 47, 2055 ; see Kharasch and Piccard, ibid. 9 
Chem . Soc., 1920, 42, 1855. 
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compounds, L, II., the former readily going into colloidal suspension, 
and consequently is difficult to handle. 1 




JMSttlVATlVm OF PIlTHALEim* 

Hydroxy mercuri phenolphthalein. To a solution of 3 grams 

of phenolphthalein in 25 c.c. Normal sodium hydroxide, about 125 c.e. of 
water arc added and the solution boiled with 3 grains of yellow mercuric 
oxide for three hours. The mixture is then allowed to settle, the liquor 
poured off and centrifuged to remove traces of sediment. Carbon 
dioxide is passed in, and the mereurated product separates as a purplish, 
milky precipitate, which is separated by centrifuging. It is washed 
wit h alcohol and dried at 1 10 a C* It is insoluble in all the usual solvents, 
except glacial acetic acid, in which it gives turbid solutions. It cannot 
be crystallised, and gives the same colour with alkali as phcnolphthalcin , 

Triaeetoxy mercuri phenolphthalein. Three grams of phenol- 
phthnlein in 50 c.e. of alcohol are mixed with a filtered solution from 
25 grams of mercuric acetate in 50 c.e. of water and 50 c.c. of glacial 
acetic acid. After standing overnight, any mercurous acetate is 
removed, and the liquid heated on the water-bath for three hours. 
After twenty-four hours the residue is removed and washed with 
alcohol, then with water containing a little acetic add, and finally 
with water. The crystals are dried in the air for several days, then 
heated for one hour at 100° (\ It forms bhuled crystals, insoluble in 
the usual solvents, dissolving in sodium hydroxide with the production 
of a deep-blue colour. 

Trihydroxy mercuri phenolsulphone-phthalein is prepared 
in a similar manner to hydroxymereuri phcnolphthalcin, It is a 
purplish powder having a bronze lustre. When mercuric acetate reacts 
with phenolsulphone phthalein in acetic acid solution, a mixture of 
hydroxymereuri and acetoxymercuri derivatives is produced. 

Diacetoxy mercuri -o -cresolphthalein is prepared in the usual 
manner, more mercurous acetate being formed than with the previous 
derivatives. It is a yellow, granular substance, which cannot be re- 
crystallised. 

Hydroxymereuri and dihydroxymercuri fluorescein. ' -Fluores- 
cein, 3*5 grams, in 200 c.e. of one-tenth Normal sodium hydroxide is 
treated with 5 grams of mercuric oxide, and the mixture boiled for four 
hours, water being added to replace that lost by evaporation. It is 
then clarified by centrifuging, and evaporated to dryness, an iridescent, 
green, sealy product being obtained. This is the monomereurated 
product. The dihydraxymermri compound is formed when 10 grams 

* (‘ompoundH of tin* utrulinr hvvU'H an* dealt with in American Patent, 1259*117, and 
thuno of this mfmniM! Morion in Gorman latent, 286097. 

a White,./. Am"r. (‘hem. Sor., 1920, 42. 2955 ; Gorman I'atout, 30832T). 
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of mercuric oxide ore used in the oho ve preparat ion. lieatment vtilh 
hydrochloric acid yields chloromm'uri derivatives. 

The mercurotion of lluoreseoin by mercuric acetate to acetic aeitl 
solution leads to the production of a mixture of Mralnijrtixijniaruri 
Olid U 7 Mt-dCVlOiVijM t 'ITU ri ji uort'sct'iiE the lot 1 el pt edoiuiunt ing. No 
attempt seems to have been made to separate these produets. 

Hydroxymercuri-dibromofluorescein. Dibromoiluoreseem ( to 
rains) and 8 grams of sodium hydroxide are dissolved in oO e.e. ot 
water and the solution made up h> aa > Tllis is stirmi an(l trt ‘ atr<i 
with 12*5 e.e. of glacial acetic acid until an even pasty precipitate 
is formed. A solution prepared from 22*5 grams of mercuric oxide 
in 25 e.e. of glacial acetic acid and 50 e.e. of water is diluted to too 
e.c M and added to the former solution, the whole being diluted to 
50()' e.e. The mixture is boiled t**5 to 0 hours, a quantitative yield 
being obtained. The precipitate is collected and washed by centre 
f aging, a red powder being isolated, which is insoluble in the usual 
solvents, but gives a deep cherry-red solution in sodium hydroxide. 1 II 

Hydroxymercuri-saHcylsulphone-phthalein.- Salley Kuiplame 
phthalein (salieyl red) is dissolved in sufficient Normal sodium hydroxide 
to form the di-sodium salt, then treated with a solution of mercuric 
acetate containing a few drops of acetic acid, and the mixture boiled 
until a lest gives no reaction with ammonium sulphide. It is then 
filtered and poured into dilute hydrochloric acid. The mereurated 
product separates as a brown powder. 


(! Yi'LOMEM'VRU'Oh Y MET H Y LEX ESA 


Cyclomercuri pentamethyiene, 



oilmen 

vu^vn 



or 


Ug 


(Vll 2 h 



A mixture of 80 grams of 1 : 5-dibromopentaue, loo grams of benzene, 
8 grams of ethyl acetate, and 000 grams of I per cent, sodium amalgam 
is shaken for twenty-four hours in n pressure flask at 75 t\ The solvent 
layer is washed, evaporated, ami the residue extracted with absolute 
alcohol, from which 28 grams of waxy product are obtained. This 
is extracted with light petroleum and ether, 0*5 grams of solid, M.pt. 
4<1 0 (\, remaining behind. Evaporation of the extract gives 2*5 grains 
of crystals, M.pt. 120° which arc separated from an oil. 

Cyclomercuri pcntamethylene, M.pt. 120 ’ t\, forms hard, white, 
rhombic, doubly refracting crystals from a mixture of hen /<*ne light 
petroleum. It is readily soluble in cold ether, light petroleum, or 
benzene, with difficulty in water. Its molecular weight as determined 
by the elndlioseopie method is about 5HH> (270 rule. ), and this api'iears 
to correspond to a simple ring. v. Braun, however, points out that a 
comparison of the boiling-points of the pcntamethylene series of com- 

I Herman Patent, 20 1908, deals* with a jiohh'hh fur jtivjmria# mrn-uniO d mhIIh of 

lluorcHctdn, nee Dimroth* tkr* 9 1902, 35 , 2853. The product# » ii.Hn i it«*< l may In* imod directly 
for dyeing, The dyestuffs dye cotton in the following timnnrr ; (Imumnut mordant 
brown red ; iron alordant fishlinh brown; uranium mordant ml; aielod and robult 
mordant red; alkaline earth mordant red; curium mordant light red, 

- Hanlon, ./. Atnrr, (' hvm . XW, f 1927, 49 , 31 f L 

II v* Braun, Ba\, HU 3, 46 , 1792 ; 191 1, 47 , 490 ; iiilprrt and Uruttmr, /lrr, t I9Pg 47 , 
186, 177. 
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pounds, (OlI.,) r ,->K, with those of the series Et— II— Et, where It may 
he O, Oil'.,, Nil a S, or II g, indicates that eyelomereuri-pcntumethylene 
should have u boiling-point, of about 210” 0. ; that it should distil 
without decomposition under diminished pressure, and probably with- 
out decomposition under ordinary pressure. lie therefore considers the 
product, M.pt. 120" C„ to be a polymerido of the true compound. The 
following is the list, of compounds upon which the argument is based: — 


Kt 

() Kt, 

B.pt. 85" C. 

(CI4) 6 ' -0, B.pt. 88° C. 

Kt 

(’ll, Kt, 

ii.pt. a<i" c. 

(CI4) 5 '-CII.„ B.pt. 80° C. 

Kt 

N 1 1 Kt, 

B.pt. 55" C. 

(CI4) 0 >NIi; B.pt. 105° 0. 

Kt, 

S Kt, 

B.pt. !)2" C. 

(CI4) 5 >vS, B.pt. 141° C. 

Kt 

11^ Kt, 

B.pt. 1 50" C. 

(ClU) 5 >IIg, B.pt. 210° C. (about). 


The mm pound, M.pt. 41" C., probably a polymer, may be reerys- 
tallised from much ether, and obtained as a white powder. Its^ mole- 
cular weight is four times that of the compound, M.pt. 120" C., and 
the oil obtained has six times the molecular weight of the latter. 

All these compounds give the same products when treated with 
bromine, iodine, or mercuric halides. With iodine in beu'/.eue solution 
theoretical yields of pentamethylene-dimereuri-iodide and di-iodo- 
pentane are obtained. 

Pentamethylene -1 : 5 -dimercuri -dibromide, ( ..■ 6 IIto‘ l hV Jr 2. — 
Th<! (Jrignnrd solution from 20 grams of 1 : 5-dibromopentane, 4-1 grains 
of magnesium, and a t race of iodine, after standing for twelve hours is 
warmed on the water-bath, and treated with 00 grains of mercuric 
bromide in ether, in 5-gram portions. The mixture is then boded 
for an hour and decomposed by 1 per cent, hydrochloric acid, the 
ether is removed at 00" C„ and the product again treated with 1 per 
cent, hydrochloric acid at 00“ C. It is filtered hot, washed with cold 
water, then with alcohol. The residue is added in small portions to 
500 grains of boiling water, digested tor fifteen minutes, filtered boding 
hot, washed with cold water, alcohol, and ether, and dried at 100 C. 
Yield of crude product, 40 grams or K-04 per cent. It, crystallises from 
toluene iu doubly refracting needles, M.pt. 150" C., very soluble m 
pyridine, aniline, or dimethyianiline in the cold, and may he precipitated 
by the addition of light petroleum. It is less soluble in hot alcohol, 
boiling toluene or xylene, and with diiHeulty m hoi. wn lei , 
hot carbon tetrachloride, ether, or petroleum ether. When boiled lor 
one hour with alcoholic potassium iodide it yields the di-ii>dult\ sintering 
at 1 15" C. and melting at 117" C. It crystallises best Iron; aleohol- 
heir/.ene, and is less soluble than the dihromide. Prolonged boiling m 
benzene solution gives mercuric iodide and di-iodopentane. _ Hydrogen 
sulphide precipitates a quantitative yield of the mlplndr Irom a 
pyridine solution of the dihromide. It, is a snow-white, insoluble, 
odourless powder, having the constitution (I.). By passing acetylene 
into a solution of the pure dinitrate in alcoholic ammonia, lor one hour 
at «>“ 0.., an ueett/Ude (II.) is formed. It, is a white powder, winch takes 
tire on heating,' is insoluble in the usual organic solvents, and heated 
in benzene yields mercuric iodide anil di-iodopentane. 

| Cl I a I 


/ 


eic. 


V(U„ XI 


[Cl i s 

Hg.S.Ilg 

I. 

, : I. 
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•ci I, 


CII,< 
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The dihydroxide crystallises in hair-fine, white needles, and is isolated 
by boiling the bromide w r ith silver oxide in SO per cent, alcohol for 
twenty hours. Treatment of the hydroxide in 50 per cent, alcohol 
with sulphuric acid precipitates the sulphate as microscopic white 
needles, suddenly blackening above 150° C. The dibromide with silver 
nitrate gives the dinitrate , from which the dichloride is prepared. It 
crystallises in white needles, M.pt. 184° C. The following compounds 
are also mentioned : oxalate , succinate , ferrocyanide, white precipitates, 
and the azelate , white scales. 

Pentamethylene -1:5- dimer curidiphenyl, C e H B .Hg.(CH 2 ) 5 . 
Hg.C 6 H 5 . — This remarkable compound is prepared by treating magnes- 
ium phenyl bromide (4 times the calculated amount) with dry, powdered 
pentamethylene-1 : 5-dimercuric dibromide in small portions. The 
reaction is completed by boiling for one hour on the water-bath. The 
mixture is decomposed by dilute sulphuric acid, and worked up in the 
usual manner. 

It is a colourless, viscous oil, decomposing when heated in vacuo at 
180° C. It quickly decolorises a solution of iodine in benzene, 'with 
formation of the above di-iodide, and prolonged boiling with an excess 
of the iodine solution gives mercuric iodide, 1 : 5-di-iodopentane and 
iodobenzene. 

It will be seen from the above reactions that the mercury atoms in 
these compounds are very firmly attached, whilst the halogen atoms are 
very reactive. 


DERIVATIVES OF THE PYRAZOLONE GROUP! 

When the phenyl-5-pyrazolones are treated with mercuric acetate in 
alcoholic solution, four acetoxymercuri groups are introduced into the 
molecule, together with a methoxy group. If, however, the hydrogen 
in the 4-position be substituted by halogen or methyl groups, mercura- 
tion only takes place at 160° C. 

3:4- Diacetoxymercuri - 4 - methoxy - 1 - diacetoxymercuri- 
phenyl -2:3- dimethyl - 5 - pyrazolone, 


C 6 H 3 (Hg.OAc) 2 .N< 


CO — C (OMe ) .Tig. O Ac 


x NMe.CMe.Hg.OAc 


One gram of phenyldimethylpyrazolone (lmol.) is dissolved in 5 c.c. 
of methyl alcohol and 7*28 grams of mercuric acetate (4 mols.) in 
45^c.c. of methyl alcohol poured in. The temperature is maintained at 
60 C. and rhombic plates begin to separate in fifteen minutes, and after 
about two hours the product is filtered off. It is washed several times 
with warm methyl alcohol, faintly acidified with acetic acid, then dried in 
vacuo oyer sulphuric acid. Yield 6*5 grams, 97-4 per cent. The sub- 
stance sinters between 200° and 20 5° C., then decomposes with gas evolu- 
tion. It is insoluble in most organic solvents, somewhat soluble in hot 
methyl or ethyl alcohol, especially if these contain a trace of acetic acid, 
and easily soluble in water faintly acidified with acetic acid. It is also 
soluble in ammonium hydroxide and amine bases such as ethylene- 
diamine. Ammonium sulphide removes the mercury in the 4-position. 


im ! and Bauersckmidt, Rer., 1914, 47 , 2736; see also, Paderi, Chem, Zentr. 

1919, 111 . 226 ; Oliveri-Mandala, Gazzetta , 1921, 51 , i. 125. 
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This is probably clue to the adjacent carbonyl group, since it is also 
removed by dilute hydrochloric acid when 3 - chloromer curi -4 -meth - 
oxy - 1 - dichloromercurlphenyl -2:3- dimethyl - 5 - pyrazo- 
lone is produced. 


C«H S 


(HgCl) a .N<^ 


CO — CII.OMc 

I 

NMe.CMe.HgCl 


The latter is prepared by suspending 2 grams of powdered tctra-acctoxy- 
mereuri compound in about 40 e.e. of a quarter Normal hydrochloric 
acid, and shaking on a machine for twelve hours. It is liltered and 
washed free from chloride and dried in vacuo over phosphorus pcntoxide 
at 100" 0. The substance is a micro-crystalline powder, slightly soluble 
in acetone, but insoluble in all other solvents. It does not melt, and is 
not immediately blackened by ammonium sulphide. 

3:4- Diacetoxymercuri - 4 - ethoxy - 1 - diacetoxymercuri - 
phenyl-2 : 3-dimethyl-5-pyrazolone is prepared in a similar 
manner to the 4-methoxy compound, but the methyl alcohol in the 
latter preparation is now replaced by ethyl alcohol. Yield 90-0 per 
cent. It forms small, colourless needles which crystallise with I mol. 
of water, which may be removed by heating in vacuo over phosphorus 
pcntoxide at 110“ C. It has similar solubilities to the methoxy com- 
pound, and hydrochloric acid removes the mercury in the 4-position. 

3:4- Diacetoxymercuri - 4 - methoxy - 1 - diacetoxymercuri - 
phenyl - 3 - methyl - 2 - ethyl - 5 - pyrazolone. 


/CO- ~C(OMe).lIg.OAo 
ti,H # (Hg.OAc),.N< | 

NNKt.CMe.IIg.OAo 


One gram of phenylethylmethylpyrazolone in a little methyl alcohol is 
treated with a solution of 7 grams of 90 per cent, mercuric acetate 
(4 mots.) in 50 e.e. of methyl alcohol. The mixture is maintained at 
(JO" C. and crystals separate in twenty-live minutes, are liltered after two 
hours, washed with acidified methyl alcohol, and dried. Yield OT grams, 
90 per cent. The substance has similar solubilities to the above 4- 
methoxy compound and decomposes above 200° C. It crystallises in 
prismatic needles, from which the mercury in the 4-position is removed 
by hydrochloric acid in the usual way, 3-Chloromercuri -4-methoxy - 
1 -dichloromercurlphenyl -3-methyl-2 -ethyl -5 -pyrazolone being 
obtained, which has the structure: 


/CO CII.OMc 
NNKt.CMe 


HgCl 


In a similar manner l-p-tolyl-2 : JJ-dimcthy 1-5-pyrazolone and I-o- 
tolyl-0-methyl-2-et.hyl-5-pyrazolone in methyl alcohol solution are 
converted into 3 : 4-diacetoxymercuri-4-methoxy-l -[diacetoxy- 
mercuri-p-tolyl] 2 : 3-dimethyI-5-pyrazolone and the correspond- 
ing 3 : 4-diacetoxymereuri-4-methoxy-l-[dlacetoxymercuri-o- 
toIyll-3~methyl-2-ethyIpyrazolone, both of which lose mercury 
from the 4-position by the action of hydrochloric, acid, yielding trichloro - 
mercuri cleri vati ves. 
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3:4- Diacetoxymercuri - 4 - methoxy * 1 - aoefoxymercuri- 
phenyl - 3 - methyl - 5 - pyrazolone, 


>CO- C(OMe).Hir.OAe 

C«II 4 (IIir.OA<0-NC | 

\NU “CMe.1Iw.OAe 

A GO per cent, yield is obtained by carrying out the mnvurafitm in the 
usual manner, but no heating is necessary, the reaction hdng complt*t<‘ 
in several hours at room temperature. From the mot herdiquor n 
further quantity may be obtained, raising the yield to bO per cent. The 
crystals melt at 1(57° C\ with decomposition, and eontain I mol, of 
water of crystallisation, which may he removed bv heating in vnam 
over phosphorus pentoxide at 13S C, The mercury in the Imposition 
is removed by ammonium sulphide or hytlroehlorie acid, a tlichlurn* 
mercuri compound being obtained which is somewhat soluble in acetone., 
If » however, l-plu 4 nyl-«*bmet hyl-a-pyrazolone be mereuraied in 
boiling methyl alcohol solut ion for three hours, 3 -diaoetoxy mercuri - 
4-methoxy-l -diacctoxymercuri phenyl -3 -methyl -5- pyrazolone is 
formed : 


C«lI # (Hg.OAc) a .N 


yCC) 

\nh 


C(OMe).Hg.OAe 

('Mo.Hg.OAe 


It is a crystalline product, decomposing at 225 " sparingly soluble or 
insoluble in the usual solvents, 

4-Bromo-4~hydroxy-3-acetoxymercurl-l -trlaeetoxy mercuri - 
phenyl-2 : 3-dimethyl-5-pyra'ZOhme, 


A'O t’Hr.OH 
C # II,(IIg.OAc) 3 .N< I 

x NMe CMe.Hg.OAe 

Two grams of 4-bromo-l-phcnyl-2 : d-dimcthyl-a-pyrazolone (1 mol.) 
and 1.0-5 grains of mercuric acetate (4 rnols,, VtO pci- cent.) are heated 
for thirty minutes in an oil-bath at ICO (’, The melt is eooled, ex- 
tracted with alcohol, the solution boiled with charcoal, filtered,' and 
ti eated with ether, t he white precipitate is tittered, washed with ether, 
and dried. It is a hygroscopic suhstance, readily solulilc in cold water, 
less soluble in methyl or ethyl alcohol faintly acidified with acetic acid. 
It decomposes with gas evolution at 225" t’„ and is unaffected bv 
ammonium sulphide unless boiled. From its aqueous solution sodium 
chloride precipitates an insoluble eMtirido, and sodium hydroxide the 
corresponding hydroxide. 

4 - Hydroxy - 3 - acetoxymercuri - I - triacetoxymereuri - 
phenyl -2:3:4- trimethyl - 5 - pyrazolone, 


/CO CMc.OH 
C,H,(Ilg.OAc) # .N< | 

x NMc.CMc.IIg.OAc 

This is formed from 1 -phenyl-2: 3: 4-trimetliyl-5.pyra‘zoIonc in the same 
maimer as the preceding compound. It melts at 23 ? V. (eorr.) with 
strong decomposition, and has simitar properties to the bromo deri 
vative. When treated with hydrochloric acid it yields 4-hydroxy- 
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3-chloromercuri-l-trichloromercuriphenyl-2 : 3 : 4-trimethyl-5- 
pyrazolone, which decomposes at about 245° Ck 

4 - Acotoxymercuri-3-diacetoxymercuriphenyl-5 -pyrazolone, 



The reaction between ;i-iuethyl-5-{>yrazolone (1 mol.) and mercuric 
acetate (3 mots.) takes place when the two are boiled for three hours 
in methyl alcohol solution. The effect of the possibility of enolisa- 
tion is ma rked by the absence of any methoxy group in the product. In 
methyl or ethyl alcohol strongly acidified with acetic acid it is only 
soluble with dillieulty, and from these solvents it crystallises in colour- 
less needles, which decompose about 250 n (h Treated with hydro- 
chloric arid, it is converted into a (livhlormnercun compound, decompos- 
ing near 2 to" (b With ammonium sulphide, these two compounds do not 
blacken immediately. 

5-Chloro-4-acetoxymereuri-l«phenyl-3-methylpyrazolone, 



CkHg.OAe 

(■Me 


Tins compound is prepared as tin* preceding one, from 5-chloro-l- 
phenyb3mudhylpyruzole. It melts at 123 ’ (k» is readily soluble in 
water, alcohol, and all the usual solvents, It is unaffected by cold 
ammonium sulphide, but with hydrochloric acid yields a dlchloro- 
mervuri compound, needles, M.pt. 105" C. 


mail VAT l VMS OF PYHWINMA 

Pyridine and mercuric acetate when heated at 175" to 180" (k for 2*5 
hours, and the reaction mixture diluted with 5 to 0 volumes of water, 
followed by the addition of sodium chloride give 3 : 5-dichloromercuri 
pyridine (I,) as a pale brown, amorphous, odourless powder, decompos- 
ing at 220 (k Bromine in sodium bromide solid ion converts it; into 3 : 5- 
dibromopyridine. The mother-liquors from the diehloromereuri com- 
pound yield 3-iodomercuri pyridine (II.) when treated with sodium 
iodide, The product is a yellow, amorphous powder, M.pt, OS to 00" (k, 
which forms 3-bromopyridine with bromine in sodium bromide. 


ClHg| |Ug<Jl 

\ 

! If 

u 

1 11 

%/ 

N 

N 

I, 

II, 


JtMHl VAT I VMM OH HUMAN M AND PYRROUl 

Tetru-acetoxymercuri-furane * is formed when mercuric acetate 
reacts with funme. If decomposes at 220" to 228" (k and is converted 
by potassium hydroxide into- the Mrahydfo^ipcompm %nd y decomposing 

1 Hfttthtt and Klwrhartintfar, Rn\ t 1023, 56, | B], 2223. 

* China and Urillo, OnszHla, 1027, 57 , 322, 
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at 210° C. The latter with sodium chloride gives tetrachloromercuri- 
furane, decomposing at 235° C., iodine transforming this into tetra-iodo- 
furane. A monoacetoxymercuri-furane has been reported, but its 
existence seems doubtful. 

Pyrrole likewise forms tetrachloro and tetra-acetoxy derivatives, the 
former yielding tetra-iodopyrrole when treated with iodine in potassium 
iodide. 

DERIVATIVES OF THE INDOLE SERIES . 1 

3 - Acetoxymercuri -2 -methyl - 1 - phthalyl -indole , 

-G.Hg.OAc 

\yV 0Me 

n.co.c 6 h 4 .co 2 h 

Methylphthalylindole (1*4 parts) is dissolved in 30 parts of hot alcohol, 
and mixed with a solution of 1*9 parts of mercuric acetate in 10 parts 
of alcohol. The product separates immediately as a pale reddish 
precipitate. After cooling, it is filtered and washed with alcohol and 
ether. It is insoluble in the usual solvents, and when heated with 
mineral acids methylphthalylindole is formed. 

3 -Acetoxymercuri -1-methylindole. — To a solution of 3*8 parts 
of mercuric acetate in 20 parts of methyl alcohol, a methyl alcohol 
solution of 1*3 parts of N-methylindole is added. The compound 
separates as a white, crystalline mass, which is washed with methyl 
alcohol and ether. It is readily soluble in hot alcohol, benzene, or 
acetone, crystallising in fine needles as the solutions cool. It is decom- 
posed by heating with dilute mineral acids. 

3 -Hydroxymercuri-2-carboxy- 1-methylindole is prepared from 
N-methylindole carboxylic acid in the usual manner. It is insoluble 
in the usual organic solvents, but dissolves readily in alkalies. Hot 
dilute mineral acids split off the mercury. 

3 - Hy dr oxy mercuri - 2 - anisylindole , 

^ jC.HgOH 

l s/ J S y)aC s H 1 OMe 

NH 

Anisylindole (1-1 parts) in 100 parts of hot alcohol is mixed with 
1-8 parts of mercuric acetate in 10 parts of alcohol. A turbidity appears, 
and the mixture is warmed for a short time on the water-bath, when 
the product separates as a brown precipitate. It has similar properties 
to the preceding compounds. 

A product has also been isolated from 2 -methyl indole (methylketole) 
as a pale yellow precipitate, resembling the other indole derivatives . 
Treatment of its aqueous suspension with hydrogen sulphide immedi- 
ately gives black mercuric sulphide. 

DERIVATIVES OF QUINOLINE ‘ 

Hydroxymercuri - 2 - hydroxyquinoline - 8 - carboxylic acid .— 

The acid (20-6 parts) is suspended in about 1000 parts of water, and the 
mercuric oxide from 13-5 parts of mercuric chloride stirred in. The 
1 German Patent, 236893. 2 German Patent, 289246. 
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mass is boiled until a portion no longer gives a precipitate of mercuric 
oxide when treated with sodium hydroxide. The compound is isolated 
as a dark yellow, water-insoluble precipitate. The acid is insoluble 
in alcohol, ether, and benzene, and after warming with hydrochloric 
acid, ammonium sulphide precipitates mercuric sulphide. 

Hydroxy mercuri -8 -hydroxyquinoline-5-sulphonic acid is pre- 
pared in a similar manner. The free acid is bright yellow, sparingly 
soluble in water and insoluble in alcohol, ether, or benzene. 

Hydroxymereuri-2-phenylquinoline-4-carboxylic acid. — Ten 
grams of the acid are mixed with 13*3 grams of mercuric acetate in 
aqueous solution, and the whole heated until a clear solution is obtained 
with sodium hydroxide. The product is then filtered, washed with water 
ami dissolved in very dilute sodium hydroxide, excess being avoided, 
and the solution treated with alcohol. The sodium salt is precipi- 
tated, and has a similar solubility to the preceding compound. The 
preparation may also be curried out; using mercuric oxide in place of 
acetate. 

Using the above methods, compounds have also been obtained from 
qumoline-8-sulphoiiie acid and 8-hydroxyquinoline. 

I>KH1 VAT I VKH OF 1)1 U Y DUO Bit NZO FI fit A NKtf. 1 

The addition of mercuric salts to o-allylphenols leads to the pro- 
duction of a series of me reunited dihydrobemofuranes of the general 
formula ; 

I | >CH.CH*.HgX 

\/ \o 

In comparison with other mercury salt -olefine compounds, these 
bodies arc very stable towards acids. They yield compounds of the 
type K Jig when reduced by sodium amalgam, and the corresponding 
iodide when treated with potassium iodide. No reasonable molecular 
formula has been devised for these compounds, which completely fits 
in with the facts, so that they are at present merely written as additive 
formula*. 

1 -Aeetoxymereurimethyl-l : 2-dihydrobenzofurane, 

*CH a 

C n IL<‘ >€IUULJIgOAe 

\ -o / 

This is prepared by suspending o-ailylphenoi in water, and adding 
an aqueous solution of mercuric acetate. It erystallis(*s in colourless 
plates, M.pt. 80 to Si (!, The corresponding chloride may he obtained 
by adding sodium chloride to the above compound or by replacing the 
mercuric acetate by mercuric chloride. It melts at 137 ' C. The 
bromide crystallises in lustrous crystals, M.pt. 122“ (\, and tin* iodide 
in colourless plates, M.pt, \U° to Vlfhf> y C. 

1 Since it him not been definitely derided whether them* compounds are “ molecular ’ 
HuIwtumvM or merely addition mmi pounds, only general direetions have boon given for 
their preparation, Evidence at prewent pointa to the latter tyjxs Adams, Roman, and 
Sperry, J. Amer. Chxm* Sm\ t 1022, 44 , 17HI ; Milts and Adams, ibid*, 1023, 45 , 1842. 
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1 : 1- Sulphato - mercuridimethylene-bis-I : 2-dihydrobenzo- 
furane, 

I /CPI 2 , \ 

lc 6 H 4 <^ 0 ^CII.CH 2 HgLS0 4 

0- Allylphenol is carefully added to a solution of mercuric oxide in dilute 
sulphuric acid. The product melts at 123° C. with decomposition. 

1 : 1-Mercuridimethylene-bis-l : 2-dihydrobenzofurane, 

/ /CH 2 . \ 

(C 6 II<_0_> CH . C H 2 ) Hg 

This is obtained in colourless crystals, M.pt. 93° C., when 1-chloroniet liy l- 
1 : 2-dihydrobenzofurane is reduced by sodium amalgam in ethyl alcohol 
solution. 

The following is given as a general method of preparation of sub- 
stituted 1-mercurimethyl-l : 2-dihydrobenzofuranes. Ten grams of a 
substituted o-allylphenol are slowly added to an aqueous solution con- 
taining one molecular equivalent of mercuric acetate or chloride. With 
the latter, a saturated solution is used, and the phenol slowly added 
until a flocculent precipitate is obtained, the operation lasting one hour. 
The stirring is maintained until the oil solidifies. With mercuric 
acetate, about 10 grams of salt are used with each 100 e.e. of water. 

The following mercurated 1 : 2-dihydrobenzofuranes have been pre- 
pared by the addition of mercurie salts to o-allylphenols : l-Jeekhry- 
mercurimethyl-Q-methyl -, M.pt. 113° C. ; 1 -chlorom ercurim ethyl-O -methyl-, 
M.pt. 91° C. ; 1 -acetoivymercurimethyl-5-7nethyl-, oil; l-chloromcrcuri- 
methyl-5-methyl-, M.pt. 127*5° C. ; 1 -acctoavymercurimethyl-&-me1hyl- i oil ; 

1- chloromercuri?nethyl-4i-methyl- 9 M.pt. 99*5° 0 . ; 1 -acefowymercuri- 

methy l-4*-br omo- , oil; M.pt. 108" C. ; 

1 -chloro7nercurimethyl-6-ca7'boxy- 9 M.pt. 200° C. with decomposition ; 
l-chloro?nercun?nethyl-6-carbomethoiVy-, M.pt. 107° C. with decomposition ; 
I-cMoromercitHmethyl-4>-carboxy-, M.pt. 212° to 213° C. with decom- 
position; 1-chloromercurimethyl-^-carboxyvinylene-, M.pt. 300° C. with 
decomposition. 

The following is a general method for conversion of 1-ehloromereuri- 
or 1-acetoxymercurimethyl-l : 2-dihydro-benzofuranes into the corre- 
sponding bromides and iodides: A solution of 5 grams of the chloro or 
acetoxymercuri compound in absolute alcohol is mixed with a boiling 
solution of alcohol containing one molecular equivalent of the potassium 
halide. The compound separates on cooling, is washed and crystallised 
from alcohol The following mercurated 1 : 2-dihydrobcnzolurancs are 
thus obtained : I-Iodomercurimethyl-6-niethyl M.pt. 88° C. ; l-iodo- 
m er cur imethyl- 5-methyl-, M.pt. 131*5° C. ; 1 ^odrnnermnmethyU^metliyl^ 
M.pt. 94° C. ; 1 -bro7no?nercurimethyl-4i-bro?no-, M.pt. 93° C. ; 1-iodo- 
m ercurimethyl- i-bromo-, M.pt. 101° C. 

1-Hydroxymercurimethyl-l : 2-dihydrobenzofuranes are obtained by 
treating 10 grams of the corresponding chloro compounds with one mole- 
cular equivalent of sodium hydroxide in 50 c.e. of warm absolute alcohol. 
Ihe products are recrystallised from 95 per cent, alcohol. The following 
are recorded : 1 -Hydroxymercurimethyl-, M.pt. 152° C. ; 1 -hydroxy- 
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vwrcunmc(Jiyl-ii-mcthyl- 9 thick oil ; 1-hydroxymcrmrimeM 
M.])t. 149° C. 

When the above compounds are dissolved in hot alcohol, diluted with 
hot water, and a hot aqueous alcoholic solution ol‘ the requisite acid added, 
the following compounds are obtained: 

M.pt. 192° C. with decomposition; 1 -oa'al<tio-di-viermrimdhyl - 9 M.pt 
1 7 5° C. ; M.pt. 148° C. ; l-p-n^/re- 

lH'nzuf(»iur('i(fiint'thifl-i)-Mefhi/l-, M.pt. 1 02*5° C. ; 1 -p-nitrobenzato- 

vii’n'uriiHtilijjl-'l-vivihyl-) M.pt. 100*5° C. 

l-t4doromereurimethyl-l:2-dihydrobenzofuranes, when added to satu- 
rated solutions of potassium cyanide or thiocyanate in absolute alcohol, 
yields: l-7Vimyanutomereurim(i.hyl* 9 M.pt. 112-5° C. ; l-cyanomerenri- 
methifl M.pt. 102° C. ; l-//u>>e//a;ade//n7Y‘a/7h/n7/////-*t-//n7%/-, M.pt. 
102*5" 0. ; l~t\yaiwmimnirimetJiyl*4>-miiJiyl-, M.pt. 148° 0. 

The following eompounds have also been described: X-Sadiumihio- 
i$ulphatomen'urimvthyl~ \ :Z-dilnjdvohtiizoJ\mines\ 1 -sodiumthiosidphuUmn* 
curinuiliijl-^mvlkyl-, and l : \-imrmrhlinui!ujlcncd)is-4^nieUnjl-[ :2 -dihy- 
drohenzofuram's. 


MUU VAT I vm CONTAIN l NU MMIUUUY AND 8HU6N1U&U 

Product# from 2 : 4 >-lHplwnyl»sdvnopht'H(\ i 

5 - Ghloromercuri -2:4- diphenyl - selenophene. An alcoholic 
solution of the selenophene is treated with the mercuric halide in the 
presence of sodium acetate, and the solution mechanically stirred for 
twelve hours. After a further twelve hours’ standing, a 90 per cent, 
yield of product is obtained, which melts at 224" V. (eorr.) after crystallisa- 
tion, When heated under reflux for an hour with aqueous bromine if is 
converted to trihromo-diphenyl-scicnophcnc, An acetone solution of 
potassium bromide gives the 5-bromomcrcuri derivative and mereuri-bis- 
(2 ; 4-diphenyl-sclenophen«-5). 

5-Bromomercuri-2 : 4-diphenyl -selenophene is prepared by the 
methods outlined above or by heating the mcreuri-bis compound for ten 
minutes with mercuric bromide in acetone solution. It crystallises 
from alcohol in microscopic, colourless, felted hairs, M.pt. 215" (’. (eorr,), 
soluble in benzene, toluene, or glacial acetic acid. When its toluene 
solution is boiled, it decomposes with formation of diphenyl-seleno- 
pheuc and mercurous bromide* 

5 - Iodomereuri-2 :4-diphenyl-selcnophenc cannot be formed by 
the action of mercuric iodide and sodium acetate on 2 : 4-diphenyl- 
sclenophene, or by sodium iodide upon the 5-ehloromereuri compound. 
A no per cent, yield is obtained when the mcreurbbis derivative in acetone 
solution is heated for ten minutes with mercuric iodide. The pure 
product forms colourless crystals, but unless the experiment is per- 
formed in the dark only u red product is isolated. 

5 - Cyunomercuri -2:4- diphenyl - selenophene* -The 5-chIoro- 
mereuri compound is treated with sodium cyanide in acetone solution. 
The mereuri-his derivative is precipitated, and dilution of the filtrate 
gives a 50 per cent, yield of the 5-eyanomereuri compound, M.pt, 250*4° 
L\ A 90 per rent, yield is obtained when the mercuri-bis deri votive is 
heated for ten minutes in acetone solution with mercuric cyanide. 

* Boj 4 <*rt and iO-nvm. J. Amcr, ('hem, »SW., 11122, 45 , 238 ; Begert and Anduraon 
HmL f 1928, 48 , 223* 
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When boiled in benzene, toluene, or xylene it is decomposed into 2 : D 
diphenyl-selenophene and mercurous cyanide. 

Mercuri-bis-(2 :4-diphenyl-selenophene-5), (Ph a C 4 HSe) 2 llg, 
may be isolated from the 5-chloromercuri compound and potassium 
bromide, sodium cyanide, or sodium iodide, also from the 5-bromo- 
mercuri compound and sodium bromide. It forms pale gray, minute, 
felted hairs, M.pt. 236*7° C. (corr.). 

Derivatives containing mercury and arsenic are given under the 
latter element in Part II. of this volume. 



CHAPTER XL 


ORGANOMETALLIG DERIVATIVES OF THE METALS 
OF GROUP III. 

Boron, aluminium, indium, and thallium are the only elements in this 
group from which true organo-eompoimtls have been obtained. The 
metalloid boron forms a greater variety of compounds than the other 
three metals, its derivatives bearing some resemblance to those of silicon 
and phosphorus. Whilst aluminium and gallium when heated with dry 
hydrogen chloride yield AlCl n and GaCI a respectively, indium and 
thallium only give InCL and T1C1 respectively ; also the stability of the 
trichlorides of these metals diminishes from aluminium to thallium. 
This gradation in basicity is reflected in the orga, no-compounds, for 
whilst it is possible to obtain the type R a M from aluminium, only 
the form RJY1X can be isolated from indium and thallium. Moreover, 
in the ease of the latter metal, the inorganic tervalent compounds arc 
less stable than the thallous salts, but no organo-tlmllous derivatives 
have ever been isolated. 

The first organic compound of boron was isolated by Frank land in 
1802, by the interaction of zinc methyl and triethyl borate. 1 This 
method and the use of zinc alkyls with boron trichloride was continued 
until the discovery of the Grignard reagent . In U)Oi) 2 * boron tri- 
methyl was prepared by the action of magnesium methyl iodide on tri- 
methyl borate, and in 1921 a a number of boron trialkyls were obtained 
by the interaction of magnesium alkyl halides and boron trilluoride. 
Of the derivatives of the type It a B, boron trimethyl is a gas, spon- 
taneously inflammable in air; boron triethyl, a spontaneously inflam- 
mable liquid ; whilst the higher members of the series are liquids, readily 
oxidised when exposed to air. The methyl and ethyl derivatives 
combine with ammonia to form R a R,Nll a . The type R.>B()II only 
has one representative, the ethyl compound, which is a liquid readily 
absorbing oxygen: from the air. 

The alkyl boric acids, UB(OII )*, are best prepared by the action of 
magnesium alkyl halides on boric esters. . .They are all solids, and the 
lower members of the series are volatile at low temperatures. 

In the aromatic series only one member has been obtained of the 
type RjjB, namely, boron tri phenyl. 4 It is formed by the interaction of 
magnesium phenyl bromide and boron trifluoride, an excess of Grignard 
reagent giving boron diphenyl fluoride and boron phenyl diiluoride at the 
same time. Boron triphenyl is a solid, which readily yields additive 

1 Knuiklaml, Annahn, 1802, 124, 1 2D. 

3 Khdtiimky and Mtdammi, Her,, 1909, 42 , 2000 . 

;l Kmtimi and Niinchts Hvr. t ID 21 , 54 , |B|, 2784. 

4 Kmma and Nitachu, /ten, 1 D 22 , 55 , [B], 1201 , 
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compounds with ammonia and aromatic amines, in which boron has 
the co-ordination number 4. 

The type R»BX is represented by boron diphenyl chloride and 
bromide, both being prepared by the use of mercury diphenyl. The 
chloride is a liquid, B.pt. 270° to 271° C., and the bromide a solid, M.pL 
24° to 25° C. Treatment with sodium hydroxide yields the t y pe R .JM >11. 

A considerable number of derivatives are known of the typo R 1>X,, 
the general method of preparation (consisting of treating boron tri- 
chloride with mercury diaryls, in the proportion of 1 mol. of tin* latter to 
2 mots, of the boron halide. Some of the products are solids, others 
fuming liquids, but all when treated with water are converted into the 
corresponding acids, RB(OH ).>. 

The diaryl boric acids, R 2 B(OIl), art* confined to the diphenyl and 
di-p-tolyl compounds, although in the latter case the anhydride and 
not the acid is formed. 

The monoaryl boric acids, RR(OH) 2 , are usually isolated, as staled 
above, by the action of water on the type R RX although in certain 
eases this leads to the formation of the oxide RRO, 'flu* phenyl 
compound has been obtained by boiling with water the product of 
reaction from magnesium phenyl bromide and boron trilluoride. The 
most remarkable feature of the type RR(()H ),» is that the action of 
mercuric chloride upon them leads to the production of mercury aryl 
halides (RllgX). The anisyl and phenetyl compounds do not yield 
oxides when heated, or form salts, and the /3-naphthyl arid exists in two 
modifications. Dehydration of the acids in vavno gives the oxides, R B< ). 

Aluminium compounds of the type R n Al wen* first iuvesfigattd by 
Labours in 18(H). 1 They an* difficult to handle, and the methyl, ethyl, 
and propyl derivatives are liquids, spontaneously inflammable in air. 
In attempting to devise new methods for the preparation of these 
substances, Krause and Wendt- isolated the et berates, 1 AIR ; ..BKtO, 
which are colourless, mobile liquids rapidly undergoing decomposition 
in the air, but do not inflame. 

Only one compound of each of the types U 2 AIX and It A IX ^ is known, 
namely, the ethyl derivative, and this in each case is spontaneously in- 
flammable, although the etherates, like those above, do not exhibit 
this property. 

The only other alkyl compounds known are derivatives of methylene 
iodide or bromide, aluminium powder reacting with these compounds 
to produce the type CIL A IX, which are heavy liquids. 

Aluminium triphenyl is the sole aluminium aromatic organic emu 
pound. Like the corresponding alkyls, it forms an ef Iterate, but its 
decomposition by air is not so rapid. Mercury diphenyl and aluminium 
in a nitrogen atmosphere at 140° C. produce the compound, with much 
evolution of heat, in a few seconds. Iodine decomposes it, with formation 
of aluminium iodide and iodobcuxcnc. 

The metal indium has so far only yielded one derivative, indium 
diphenyl chloride.® . This was isolated by the interaction of mercury 
diphenyl and metallic indium in boiling xylene. It is an insoluble com- 
pound, not melting at 850' (!. When metallic indium and mercury 
diphenyl are heated at 270 ’ C, in a nitrogen atmosphere under reduced 

1 0« hairs, Annah //, 1 SOU, 114, 2*12, 
j* Krnuw* and Wendt, Hrr^ 11)22, 56, | B j, 

:i Uoddard, unpublished. 



ORGAN OMETALLTO DERIVATIVES OF METALS OF GROUP III. 221 

pressure, and the residue extracted with ether, a compound correspond- 
ing to C^IlglnOjIiijjO.j is isolated from the solution. 

The first organic thallium compound was obtained by Hansen, 1 by 
treating zinc, diethyl with thallic chloride. Four years later Hartwig 2 
prepared salts of the type R 2 T1X. No further work was done upon the 
metal until 1904, when Meyer and llertheim 3 isolated thallium dimethyl 
chloride by a reaction which may be expressed in a general form : 

TIChj 4-2MgR€I =R 2 T1CI +2MgCL 

The present authors have shown since that this reaction may be used 
to form any aliphatic or aromatic compound of thallium of the type 
R,T1XA If it is desired to prepare thallium compounds containing 
secondary radicles, an excess of Grignard reagent must not he used, or 
reduction takes place to metallic thallium. 5 When thallium dialkyl 
halides are treated with silver oxide, the halogen is split; off and hydrox- 
ide's formed. The solutions thus obtained are strongly basic, rapidly 
absorb carbon dioxide 4 from the air, and when treated with acids, or 
compounds containing acid groupings, they yield salts. Thallium 
diethyl hydroxide has been isolated in the solid state, and with aqueous 
solutions of metallic salts it precipitates hydroxides. In the ease of 
halides, cyanides, or thiocyanates in the aliphatic series, the following 
reaction with silver nitrate takes place quantitatively, 

IL/rtX ■ | • A gN ().,-■•■ AgX • f - 1 1 a T 1 N O a 

and since the nitrate is soluble, this affords a method of estimating the 
acid radicle. 5 Although many double salts are found In inorganic 
chemistry containing thallium in the thallic state, very few are met with 
in organometallic derivatives* In spite of the fact that the authors have 
prepared considerable numbers of salts of the type R 2 T1X, both in the 
aliphatic and aromatic series, only the following double compounds have 
been isolated ; thallium dimethyl m-nitrophenoxidc, (! h H 1() 0.,NTL 
thallium diethyl 4-nitrosophcnoxidc, C 10 II 14 0 2 NT1,(! ; 

thallium diethyl 5-nit ro-o~tolyloxide, C n H \ 0 ( ) n N T 1 . ( • 7 1 1 7 ( ) ;5 N ; thallium 
diphenyl acid propionate, acid valerate, acid butyrate, acid m-hexoate. 
Moreover, with the exception of the fluorides, none of the salts 
appear to contain water of crystallisation. 

Thallium diphenyl bromide was first; mentioned by Meyer and 
Bertheim in 1904, but in 1922 the present authors showed that this com- 
pound was impure, and that the reactions given for it did not represent 
the facts, as shown by their later preparation. They therefore claimed 
t heir preparation to be the first organometallic compound of thallium, in 
the aromatic series, to be obtained in the pun 4 state. The compound, 
which is typical of the aromatic thallium diary 1 halides, does not melt 
below 300 ' (A, and may he crystallised from pyridine. The correspond- 
ing chloride is decomposed by iodine monoehloride according to the 
equation ; 

Ph a TI(:i+2lCl«2PhCI+TICl+I # 

1 Hannan, Hn\ t 1870, 3, IK 

s tiartwig, ikr.> 1874, 7, 298 ; A mudm* 1875, 176, 257. 

4 ‘* Mayer and Bertheim, 1904, 37, 2051. 

* Goddard and ( loddard, Tram. Ohm, 1921, 119, 072, 1310 ; 1922, 121, 30, 
250, 483 ; 1923, 123, 1101. 

6 Kraiwt* and Ornnw, lit n, 1925, 58, [B|, 1933* 

* Goddard, f f hnn t A'w,, 1921, 119, 073* 
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If the thallium diphenyl chloride be replaced by thallium diethyl 
bromide, only thallous iodide is isolated from the reaction. It has been 
pointed out that thallium dialkyl halides when treated with moist silver 
oxide yield the corresponding hydroxides, and that the latter with acids 
give salts. In the aromatic series, it is found that the best method of 
preparing the salts is to boil together a mixture of the halide, silver oxide, 
and the organic acid in toluene. Alcoholic potassium hydroxide trans- 
forms the halides to oxides, and these are also available for production 
of salts. 

It is well known that many organo mercury compounds of the type 
R 2 Hg react with metallic and non-metallic chlorides to form organo- 
metallic derivatives of the metals in question. The present authors 1 
carried out a considerable number of reactions of this type, with various 
organometallic compounds, the results of which are shown in Table IV. 
of the Appendix. 

It will be seen that a number of the reactions afford means of 
obtaining organo-tb allium derivatives. In the case of organo compounds 
of the elements of Group V., it may be stated that phosphorus and 
antimony chlorides yield no organo-thallium derivatives, whereas arsenic 
and bismuth chlorides are capable of yielding compounds of the type 
R 2 T1X. 

Summarising the results for tin and lead compounds in the aliphatic 
and aromatic series, substances of the type R 4 M give rise to R»MX» 
and R 2 T1X ; R 3 MX and R 3 MR' yield thallous chloride and R 2 MR 2 
and R 3 MX respectively ; R 2 MR 2 ' produces R 2 'MX 2 and R 2 T1X~ 
where R/ is the radicle of lower molecular weight ; and R 2 MX 2 merely 
exchanges its halogen, X 2 , should it be bromine or iodine, for the chlorine 
of the thallic chloride. 

Whilst 2-chloromercuri-thiophene and mercury 2 : 2 '-di thienyl form 
organo derivatives when treated with arsenic trichloride, 2 thallic 
chloride merely decomposes the first compound, and gives no organic 
compound with the second. 2-Iodomercurithiophene is converted to 
2-chloromercuri-thiophene and thallous chloride is formed. p-Amino- 
phenylmercuric acetate treated with ethereal thallic chloride gives an 
unstable additive compound, corresponding to the formula, 2C 8 H 9 0 2 
NHg.TlCl 3 , and p-aminophenylmercuric chloride behaves similarly, but 
when the solutions are heated complete decomposition takes place. 
p-Bis-mercurianiline and sodio-camphor do not yield thallium derivatives 
under the above conditions. It is therefore evident that only normal 
compounds of the type R 2 Hg give rise to thallium derivatives, where R 
may be any radicle except benzyl, thienyl, or an iso-group ; in other 
cases substances of the type R 2 T1X are formed. 

The estimation of thallium 3 in organic compounds is carried out 
in a spherical flask of 200 c.c. capacity, having a short, ground-glass 
neck, carrying an air condenser 3 feet long. About 0*2 gram of sub- 
stance is treated in the apparatus with 20 c.c. of fuming nitric acid, and 
the whole boiled until colourless. The contents of the flask arc then 
rinsed out and evaporated to dryness, the residue dissolved in water, a 
few drops of dilute ammonia added, and the thallium precipitated by 

1 Goddard, Trans. Chem. Soc., 1922, 121 , 36 ; 1923, 123, 1161 ; Goddard and Goddard’ 
ibid., 1922, 121 , 256, 482. 

2 Steinkopf and Bauermeister, Annalen, , 1917, 413 , 331. 

3 Goddard and Goddard, Trans. Ghem. Soc. } 1922, 121 , 488. 
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hot potassium dichromate. In cases such as thallium diphenyl chrom- 
ate, the thallium is first removed as thallous iodide, before precipitating 
the other metal. For halogen estimation, silver nitrate in 1 c.c. of 
water is added before the addition of the fuming nitric acid, and the 
mixture boiled to destroy organic matter, then treated in the usual way. 
) This method of estimating halogens gives good results in the ease of 

thallium, lead alkyl, and mercury compounds, and would no doubt 
answer lor any type of organo compound which does not explode with 
honing nitric acid, or give a stable nitrate, like lead diphenyl nitrate, or 
yield an insoluble oxide, as in the ease of tin. 

I 

Boron. 

Alkyl Compounds of the Type R a B. 

Boron trimethyl, Me a B. This compound was first obtained 1 by 
the interaction of zinc methyl and triethyl borate. It has more 
recently been prepared by the interaction of magnesium methyl iodide 
| and trimethyl borate.* 2 

The product isolated by the above methods is a gas of pungent odour, 
which is spontaneously inflammable in contact with air. Frankland 
states that it can be liquefied at 10° C., under a pressure of three atmo- 
, spheres,’ to a colourless liquid, whilst Stock and Zeidler give the melting- 

point as 101 *5“ C. and the density at —100° C. as 0-025 (as liquid). 
They also recorded the following vapour pressures 



Vap. press, in mm. 

1 

2 

8 

4 

0 

10 

15 

21 


Temperature “G. 

118 

118 

108 

108 

08 

02*2 

88*4 

82*5 


Vap. press* in mm. 

82 

42 

00 

82 

118 

147 

102 

258 


Temperature "< l 

*78*4 

* 78*8 

08*0 

04*1 

-"50*2 

• -54*8 

40*4 

. .44*5 

I 

Vap. press, in mm. 

a 10 

400 

511 

750 





f 

Temperature ‘O. 

*20*0 

24*0 

“■“20*7 

20*2 






The vapour density between - *25“ C. and +100° 0. corresponds to 
the formula BMe a . 

The gas is soluble with difficulty in water, but very easily soluble in 
alcohol and ether. It combines directly with ammonia, yielding boron 
in' methylam mine, BMe a .NII a , M.pt. 50° (k, B.pt 110° (k, which crystal- 
lises from ether in many-sided, highly refractive, volatile crystals, * The 
compound has the vapour pressures H> mm. at 0" Ck, 1*8 mm. at 5*0° (k, 
2 mm, at 10“ (k, 0*2 mm. at 15*2° (k, 11*0 mm. at 01*2° (k, and 10*5 mm. 
at 80*0“ (k The vapour density, measured between 25-0“ Ik and 70-0° (k, 
shows that about 10 per cent, of undissociated ammine can exist in the 
gaseous state at 25“ to 80“ (k, but molecular weight, determinations in 
benzene solution by the cryoseopie method show that the ammine is 
practically undissociated. The benzene solution is stable in air, smells 
faint ly of boron trimethyl, but not of ammonia. 

Treatment of boron trim ethyl with potassium hydroxide or an 
ammoniaeal solution with alcoholic potassium hydroxide* yields a resinous 
mass, to which Frankland ascribed the composition BMe a .KOII. 

1 Frankland, A nnuivn, 1802, 124, 1211, 

* Khotirmky and Melamed, Mer, t 1009, 42, 8090. A nmsxajninaiion of Frankland's 
compound was made by Block and Zeidler (Her,, 1021, $4, [ Bj, 521) who obtained the 
compound in the. gaseous state from boron chloride and sine methyl, the violences of the 
reaction Jaung moderated by cooling or working under diminished^ pressure. 
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Boron triethyl. This is prepared by the action of zinc ethyl on 
the triethyl ester of boric acid, 1 and also by the interaction of zinc ethyl 
and boron trichloride. 2 * 4 Frankland described it as a fuming liquid, 
spontaneously inllammable in air. It melts at 02*0 1 ami boils at 
95° C. ; density at 23° C., 0*6031 ; vapour pressure at O' C„ 12*5 mm, It 
undergoes slow decomposition on heating, yielding some hydrogen and 
ethane; the vapour density near the boiling-point corresponds to the 
simple formula BKt.,. 2 The liquid is only very slightly soluble in 
water, prolonged treatment only .showing very slow decomposition. 
Iodine has no aetion upon it even at 100° V. 1 1 burns in air with a bright 
green, sooty I lame, and explodes in pure oxygen. When heated with 
concentrated hydrochloric acid over mercury to 99” (h, an ethyl group 
appears to be replaced by halogen, yielding boron diethyl chloride. 
Like boron trimethyl, it forms an ammine, BFd a .NIL, which is stated to 
have an aromatic smell and an alkaline reaction. 

Boron tri-n-propyl, (C.,H 7 ). a B. a This and tlie following trialkyl 
boron compounds are prepared by the aetion of boron Uuortdi % on 
magnesium alkyl halides, details of a preparation being given under 
the isoamyl compound. The following physical data have been noted 
for the propyl compound ; B.pt. 00” C. at 20 mm. ; B.pt. 1 50 ’ (\ at 
700 mm,; density at 24*7° C, 0*7204, whence density at 22*5 C. 
0*7225 ; n Ua 1*41129, n ( , 1*41352, Uim 1*41895, n„, U 42354' at 22*5 * 

Boron tri-isobutyl, (C >1 H 0 ).,B.- B.pt. SO (hat 20 mm. (uneorr. ); 
B.pt. 1.88° C. at 700 mm.; density at 25° C, 0*7380, whence density at 
22*8° C. 0*7400 ; n n « 1*41052, n,» 1*41882, n„, ( 1*42445, n, t l * 1*2882 at 
22*8° C. 

Boron tri-iso-amyl (C & Il u ) a B. Boron trilluoride obtained by 
the interaction of 75 grams of potassium bomtluoride, 13 grams of 
boric anhydride, and 250 e.e. of concentrated sulphuric acid, is passed 
in a rapid stream into the magnesium compound from 100 grams (I 
mol.) of isoamyl chloride in 350 e.e. of absolute ether. The boron tri* 
fluoride is rapidly absorbed, and after completion of the reaction the 
whole is heated to boiling for twenty minutes on (lie water-hat h. The 
ether is then distilled off in a stream of nitrogen and the residue dist illed 
in dry nitrogen at 13 mm. The pun* product obtained dist ils at 1 19 ' 
at 14 mm. in nitrogen. Yield 42 grams (55 per cent,). 

The compound is a colourless, very mobile liquid, having an odour 
resembling amyl alcohol. It is readily oxidised in air, yielding isoamyl 
boric acid. It burns with a bright green Haute and is slowly acted upon 
by waf er. 

Physical data: density at 23*4° (’. 0*7009, whence density at 
22*0° 0. 0*7007; n H « 1-429*83, i\» 1*43207, n !M 1*43782, n n ; 1*41*254 at 
22*0” C. 

Alkyl Compound u of the Type IULOIL 

Boron diethyl hydroxide or Diethyl boric acid, Kt. i B.OH, r * is 
prepared by the action of water on the ethyl ester of diethyl boric acid. 
It is a liquid which cannot be distilled without decomposition : it 

1 Frankland, Antinlvn , IHS 2 , 124 * 129. 

3 Stock and Zcidlor, Ikr. % 1921, 54 , |B]» 521 ; Fraiikland* Jahroxhr,, 1870, |i, mi 

a Stock and Zcidlcr* he. rit, 

4 Kthumc and Nitmius lkr. t 1921, 54 * | B|, 2781, 

* Frankland, toe, rit. 
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absorbs oxygen from the air, forming the monoethyl ester of ethvl boric 
5 icid, EtB(OIl)X)Et. The () -ethyl derivative of the above compound, 
tne ethylate ol diethyl boric acid, Et 2 .B.OEt, is prepared from the 
<*()m pound ol the diethyl ester ol ethyl boric acid with the triethyl ester 

01 boric acid, K t. B (OEt ) a .B (OEt ) and zinc ethyl. The product is a 
colourless liquid, B.pt. 102 ° to 103° which is transformed by dry 
oxygen into the diethyl ester of ethyl boric acid, and is decomposed by 
water into alcohol and diethyl boric acid. 

Alkyl Compounds of the Type RB.(OH) 2 . 

Methyl boric acid, Mc.B(OH) 2 .- Boric esters arc best prepared by 
the action ol alcohols on boric anhydride under pressure, and it lias been 
found 1 * * that these esters react with Grignardls reagents to form the 
above type of compound, according to the equation : 

RMgX 1 B(( ) R ' ) 3 — BB (OK' ) fi f R'O.MgX 

The interaction of trimethyl boric ester and magnesium methyl iodide 
in ether, followed by decomposition with acidified water, yield's methyl 
boric acid, as white crystals, very volatile and unstable. It has never 
been isolated in the pure state,' but Miehaelis and Becker- showed 
t hat it, exerts a methylating action on magnesium phenyl bromide, the 
products consisting of phenyl boric acid and toluene. The esters of this 
acid are readily hydrolysed by cold water. 

Ethyl boric acid, KtB(OH)*, is deposited in white crystals from 
ether, readily subliming at 40° C., and very volatile. It may be pre- 
pared as the above methyl compound, or by decomposition of the 
diethyl ester of ethyl boric acid with water, a also by the action of water on 
t he double compound of t he diethyl ester of ethyl' boric acid with triethyl 
boric acid. The acid is easily soluble in water, alcohol, or ether, has an 
acid reaction, but does not combine with bases. 

The monoethyl ester , Et;.B(011)0Kt, is a crystalline product, decom- 
posed by water into alcohol and ethyl boric acid, and is prepared by the 
act ion of atmospheric oxygen on diethyl boric acid below 8 ° C, 

The diethyl ester, Et;.B(()Et) g , is a liquid, boiling with decomposition 
at 125° (!., and is decomposed by water like the monoethyl derivative. It 
is formed when boron triethyl is oxidised in air and then in oxygen, or 
when dry oxygen nets upon the ethyl ester of diet hyl boric acid. ' 

The ester combines with triethyl boric ester to form Et.B(()Et) 2 . 
B(OKt) a , which compound may also be obtained from zinc ethyl and 

2 mots, of triethyl boric ester. It is a liquid, B.pt, 112 ° (t, yielding 
ethyl boric acid, boric acid, and alcohol when treated with water, 
whilst zinc ethyl transforms it into the ethyl ester of diethyl boric 
acid . 4 

Propyl boric acid, C a II 7 .B(t)li) 2 , is described by Khotinsky and 
Melamed as melting at 74 w to 75 ft C. and soluble in alcohol and ether, 
Krause and Nitsche , 5 however, prepared the compound by placing boron 
tripropyl in a ila.sk filled with nitrogen, loosely corking the flask so that 

1 Khutinsky and Mnlamml, tier,, 1 1HI0, 42, 301)0, 

a Midland m and linker, Her,, 1880, 13 . 58. 

a Krankland, 1802, 124. 40; Jahrenher,, 1870, p. 408. 

4 fmnkland, ibid. 

& K rati hi * and Nitachr, Her,, 1021, 54 , [BJ, 2784. 
von. xi. ; 1 . 
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air could gradually diffuse in, when boron propyl oxide was obtained by 
oxidation, and this substance when reerystallised from a little hot 
water gave the required acid. It formed thick, colourless plates, M.pt . 
107° C., easily soluble in hot water, with dittieulty in cold water, and 
fairly soluble in the usual organic solvents, 

Isobntyl boric acid, (0.^4)11(011 ) 2 , is prepared as above as 
colourless plates from hot water, M.pt. 1 12 v 0. 1 

Isoamyl boric acid, (C r> Il u )B(OII )*, forms colourless, rectangular 
plates from water, M.pt. 10t) y C. It is fairly soluble in the usual 
organic solvents, and forms sodium and ammonium salts, the latter bring 
unstable and readily evolving ammonia. 

Aryl Com pounds of the Type H .B. 

Boron triphenyl, Ph a B,‘~ is prepared as follows: One quarter of 
the Grignard reagent from 156 grams of bromohenzenc and 21 grains 
of magnesium in 500 e.e. of ether is saturated with the boron trilluoride 
from 52 grams of potassium borolluoride, 8 grams of boron trioxide, and 
100 e.e. of concentrated sulphuric acid. The gas is readily absorbed, and 
afterwards the remainder of the Grignard reagent is added, the mixture 
being cooled in iee. The reaction is very violent, and the boron phenyl 
Uuoride is transformed to boron triphenyl, this change being completed 
by several hours’ heating on the water-bath. The ether is then distilled 
off, and the residue distilled in nitrogen at 12 to 15 mm. pressure in an 
oil-bath. Boron triphenyl slowly distils at 215 to 250 (\ as a thick oil, 
which solidifies on cooling to colourless, thick, six-sided columns, some 
one centimetre in length. After several distillations in carbon dioxide 
it boils at 202“ C. at 15 mm., M.pt, 120 C\, the yield of pure product 
being about 50 per cent, of the theory* 

The crystals resemble those of iriphenylarsine and t riphenylst ibine 
in form, are easily soluble in benzene, toluene, and other benzene hydro- 
carbons, less soluble in ether, hut react with alcohols forming esters. 
Its ethereal solution in the presence of sodium wire becomes intensely 
coloured, and deposits orange-yellow, prismatic crystals, but oxygen 
destroys the colour. 3 * 4 

Boron triphenyl unites readily with ammonia and amines, yielding 
additive compounds in which boron has the co-ordination number I*. 
The method of preparation is general and consists in bringing tin* com- 
ponents together in ethereal solut ion. 5 

Boron triphcnyl-am man itt, Ph a B.NH. { , forms snow-white crystals, 
very diflicultly soluble in ether or cold benzene, easily in hot benzene, 
cold methyl or ethyl alcohol. The crystals in the dry state are stable in 
air, begin to soften about 202“ and melt with gas evolution to a clear, 
yellow-brown liquid above 21 2 U G. 

* Boron triphenyhneth ylmnine, IHnJiMeNII^ occurs as colourless 
prisms, having similar properties to the above compound. It sinters at 
208 n to 209° melting to a Hear liquid at 210 to 21 l t! C\ 

Boron triphmyl-ethylamimx M.pt, to 108” C\, and the eorre- 

1 K hot i unity gives tho melting-point as 104” (X ami moamyl boric arid ?w lor O. 

8 Krause and Nitschc, tier., 11122, 55, £B), 1261. 

Krause, tier,, 1924, 50, | BJ, 216, 

* If axacHH of tlrigaard reagent is used in the above reaction, a mixture of boron 
td phenyl, boron diphenyl fluoride, and phenyl boron dittuoride* ag peats to Is* formed* 

* Krause, Hn. t 1924* 57, | B|, 816. 
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sponriing n-propylamine derivative melting above 180° with decom- 
position, have been prepared. 

Tim dimethyl and triniethyhminc derivatives melt at 200 ° C. and 135° 
to 137' C. respectively. 

From aromatic compounds, the following combinations have been 
isolated : boron triphenyl aniline, M.pt. 138° to I K) 0 C. with decom- 
position ; with pyridine , M.pt. above 214° C. with decomposition; 
with quinoline , M.pt. 100° to 170° C. with decomposition ; with quin- 
tddme , M.pt. 1 10" to 112“ C. with decomposition ; with piperidine, M.pt. 
213" to 21.4° decomposing above 210° C. ; with phenyl hydrazine , 
M.pt. 138° to 140“ C. 

Aryl Compounds of the. Type R„BX. 

Boron diphenyl chloride, Ph a B(’l, is a colourless liquid, faintly 
fuming in air, and slowly decomposed by water . 1 It is obtained by 
heating boron phenyl dichloride (8 gram’s) and 18 grams of mercury 
diphenyl in a sealed tube at 300" to 320“ C. for twenty-four hours. The 
crude product is taken up in petroleum ether, the solvent removed, and 
the residue fractionated, the portion distilling at 270" to 271° 0 . being 
pure boron diphenyl chloride. Yield 3-5 grams. 

Boron diphenyl bromide was first obtained as a by-product in the 
preparation of boron phenyl dibromide, from boron ’tribromide and 
mercury diphenyl, the compound being contained in the fraction dis- 
tilling above 150" V. at, 20 mm. It may be more readily isolated by 
taking the proportions represented by the following equation : — 

Ph a Ilg | BRr 3 Ph a BBr | HgUr # 

A crystalline, colourless mass is formed, M.pt. to 25° C., redden- 
inn* in air, and decomposing with water with separation of diphenyl 
boric acid . 2 

Aryl Compounds of llw Type RBX 2 , 

Boron phenyl diflnoride, Ph.BF 2 , a an oil, Ii.pt. 70° to 75° C. ; 
difluoride has been previously mentioned under the prepara t ion of boron 
triphenyl. 

Tlie dichloride is obtained according to the equation : 

2 IiCl 8 4" Ph 2 llg ~~2Ph BC1 2 +1 Ig( !1 2 

t In* substances being heated in a sealed tube at: 180° to 200 ° C. It is a 
colourless liquid, soon becoming red in air, and boiling at 175° (!., 
although it; may he solidified at low temperatures, but melts again at 
0 U (!» Atmospheric moisture causes it to fume, and when dropped into 
water it is decomposed with a hissing noise. If chlorine is passed into 
the liquid at the ordinary temperature it is partly decomposed, yielding 
chlorobenzene and boron trichloride, but if all the air is removed by 
carbon dioxide Indore the chlorine is passed in boron phenyl tetra- 
chloride results. 

The diehloride reacts 4 with chlorobenzene and sodium to form boron 
triphenyl. 

1 MiduudiM, Her.* 1894, 27 , 244. 

3 Miehatdm and Kfahtor, Amudm f 1901, 3 x 5 , 2(1 

n K rau.se , Oarm&n Patont, 371407 ; Ohem, Zentr. f 1923, it, 1089. 

4 Mudmelw, /ten, 1889, 22 , 241. 
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The dibromide is obtained when the boron trichloride in the above 
equation is replaced by the tribromide. It crystallises in colourless 
tablets, M.pt. 32° to 34° C., B.pt. 99° to 101° C. at 20 mm., fumes strongly 
in air, has a pungent smell, and is decomposed by water giving phenyl 
boric acid. 

Boron o-tolyl dichloride is a colourless, thick oil having a strong 
smell, and faintly fuming in air. When cooled to 0° C. it solidifies, 
melting again at 6° C., and with water yields the corresponding boric 
acid. 1 

Boron p-tolyl difluoride , 2 is an oil, B.pt. 95° to 97° C. The 
corresponding dibromide 3 forms a white, crystalline mass, M.pt. 44° to 
45° C., B.pt. 145° C. at 25 mm. (approx.), which fumes strongly in air, 
and is violently decomposed to the acid by water. 

Boron o- and p-anisyl dichlorides, CH 3 O.C 0 II 4 .BC1 2 . The former 
was not analysed by Michaelis, but he stated that its properties were 
similar to those of the p-anisyl derivative. This latter compound is a, 
light, yellowish-red to violet liquid, B.pt. 182° C. at 170 mm., and on 
cooling solidifies to a crystalline mass which melts at 30° C. It fumes 
strongly in air, and reacts vigorously with water to form the acid. 

Boron o~ and p-phenetyl dichlorides. — The first of these com- 
pounds has only been obtained in small quantities and has not been 
analysed, although the acid has been derived from it. The para com- 
pound is a colourless liquid. B.pt. 220° C. at 400 ram., which may be 
obtained as a crystalline mass, M.pt. 2° C., the general properties being 
similar to those of the anisyl derivative. 

Boron o-xylyl dichloride boils at 212° C. and melts at about 0° C. 4 
The meta compound is a colourless, very strongly fuming liquid, B.pt. 
21.8° C. } and is prepared by heating mercury di m-xylyl with an excess 
of boron trichloride in a sealed tube at 200° C. for twenty-four hours. 

Boron m-xylyl dibromide is a colourless, refractive liquid, boiling 
at about 125° C. at 15 mm., density at 15° C. 1-57. 

Boron-p-xylyl dichloride may be prepared similarly to the meta 
compound, but the reaction takes place at 180° C. It distils as a trans- 
parent liquid at 205° C., and fumes strongly in air. 

Boron pseudocumyl dibromide 5 is a colourless liquid, boiling 
between 170° and 190° C. at 10 mm., with partial decomposition. 
When treated with water it yields the oxide. 

Boron a-naphthyl dichloride, C 10 II 7 BC1 2 , boiling at about 104° C. 
at 25 mm., is prepared by heating mercury di-a-naphthyl and boron 
trichloride at 120° to 150° for eleven hours. The /? -naphthyl derivative 
forms colourless needles, M.pt. 116° C., and is readily soluble in dry 
benzene, ether, or petroleum ether, fumes slightly in air, and yields the 
acid with water. 

Aryl Compounds of the Type R 2 BOH. 

Diphenyl boric acid, Ph 2 B.OII. 6 — When boron diphenyl chloride 
or bromide is treated with sodium hydroxide, and the clear solution 

1 Michaelis, Ber., 1889, 22, 241 ; Michaelis and Becker, ibid., 1879, 12, 58, 

2 Krause, German Patent, 371467 ; Chem. Zenlr 1923, ii, 1089. 

3 Michaelis and Richter, Annalen , 1901, 315, 26. 

4 Michaelis, Annalen , 1901, 3x5, 19. 

a C fl H 2 .Me.Me.Me.BBr 3 =l : 2 : 4 : 5. 

0 Michaelis, Ber., 1894, 27, 244; Michaelis and Richter, lac . cil. 
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neutralised with hydrochloric acid, the acid is formed, and may be 
extracted with ether. Evaporation of the solvent yields a fuming 
residue, Ihpfc. 21.5° to 235° C. at 17 mm., which crystallises on cooling; 
the crystals colour the flame green, and melt to a colourless liquid 
with hot water. It is soluble in the usual organic solvents and in alkalies, 
readily forming salts in the latter. 

Di-p-tolyl boric acid is only known in the form of its anhydride 
(Cn.>.t - G n j.B)./), since the chloride has not been isolated in the pure 
state. This oxide is a white powder, M.pt. 78° C., easily soluble in 
organic solvents, but insoluble in water. 

Aryl Compounds of the Types RB(OH) 2 and RBO. 

Phenyl boric acid, PhB(OH) 2 . 3 ~The magnesium compound from 
50 grains ot bromobenzene in 200 c.c. of ether is saturated with the 
boron trifluoride from 52 grams Of potassium borolluoride, 8 grams of 
boron trioxide, and 100 c.c. of concentrated sulphuric acid. After 
boiling for two hours under reflux, the product is ice cooled, and 
decomposed by cautiously adding 00 c.c. of water. The ether layer is 
then separated off, and the residue extracted several times with ether, 
the solvent removed, and the solid obtained boiled with 100 c.c. of 
water for one hour on the water-bath and filtered whilst hot. On slowly 
cooling, pure phenyl boric acid separates in snow-white bushy needles, 
several centimetres in length, M.pt. 210° C. It has similar properties to 
the compound obtained by Miehaelis and Richter 2 by the action of 
water on boron phenyl dibromide. When kept in vacuo over phos- 
phorus pentoxide it slowly changes to phenyl boron oxide. The 
isohutyl ester is a liquid, B.pt. 180° to 187° C. at 80 to 85 mm. 

p-Cbloroplienyl boric acid forms sheafs of needles, M.pt. 275° C., 
and p-bromophenyl boric acid, needles, M.pt. 191° C. 

The following boric acids, unless otherwise stated, have been pre- 
pared by the action of water on compounds of the type ArBX 2 :-y- 3 

o -Toly l boric acid occurs as needles, M.pt. 100° to 101° C., easily 
soluble in alcohol or ether, but with difficulty in petroleum ether or 
water. When treated with ammoniacal silver solutions it gives a 
pale yellow, floeeulent precipitate, which soon blackens on boiling, 
silver oxide and toluene being produced: 

2C 7 II 7 B( U I Ag +811,0 ^2C 7 H 8 +2B(OH) 3 + Ar,0 

With mercuric chloride, o-tolyl mercuric chloride is formed : 

(\H 7 J*.(OH),+irKCl 2 +II,0=sC 7 n 7 HsCl+IICl+M(OII) 3 

m -Toly I boric acid, M.pt. 187° to 140° C., reacts with mercuric 
chloride, yielding m-tolyl mercuric chloride. Its isohutyl ester , C c ll 4 . 
OII a It(().0 4 U tt ) 2 , is a liquid, B.pt. 195° to 207° C. at 60 mm., and it may 
be prepared by "the following general reaction 

HMKX+U(()H') 8 ^BR(0R / ) a +R / 0,MgX 
which is carried out under pressure. 4 

* Krittw and Nitwho, tin., 1922, 55, [BJ, 12(51 ; Krauao, Gorman Patent, 371167; 

Zt*ntr, % 1923, it 1089. 

Mwittutli*, Jkr.> 1 894, 27, 244. 

1 Miofuielk, ibid* 

i Khotinsky and Melamed, tier., 1909, 42, 3090. 
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p-Tolyl boric acid, M.pt. 240 u C„, yields p-tolyl mercuric chloride 
by the usual treatment. An alkaline solution of potassium perman- 
ganate oxidises the methyl group to carboxyl, when p-varbthvjpplwnjfl 
boric acid is formed, HOOC.C'^n.j.i^OII).^ as white, glistening, refractive 
needles, M.pt. 225° C. The crystals are easily soluble in hot water or 
alcohol, less soluble in ether or benzene, and when heated no anhydride 
is formed. Rapid heating decomposes the compound to benzoic acid and 
meta-borie acid : 

/COO H 

C c ll/ ^-CellgCOOII | -JiO(OU) 

M$(OII ) 2 

this reliction being similar to that of the related phosphorus derivative, 
namely : 

/COOH 

CgHgCOOH i HFO, t 

M>0{0I1) 2 

The reaction with mercuric chloride takes a somewhat different course 
in the ease of this compound : 

>cooii A'oim 

c«ii4< +ngci 2 d up t' n n/ i iici i li(oii), 

X B(01I) 2 \Hgt1 

This ehloromereuri benzoic acid is a white, crystalline powder, M.pt. 
272° ( soluble in absolute alcohol and insoluhie in water, dissolves in 
atjueous alkalies, hut is rep reei pita ted by acids. The barium salt of 
p-carboxy-phcnyl boric.! acid, 




r-,H 4 



i n a <> 


is obtained as a white precipitate by the action of barium chloride on a 
carbon dioxide-free, anmionineal solution of the ueid. It is very .soluble 
in cold water, but the solubility diminishes with rise of temperature. 
At. *200" C. the water of crystallisation is not driven off, and t he hydroxyl 
group bound to the boron atom is unaffected. 

Two lead salts are known, both white powders, namely : 

[II()(IIC)l > b())lK’ # H 4 C()0],l > b and (Pb() 2 H.(’„n, l t > (H)} a Fb.an„0 

The silver salt, AgO.(’<U: 8 H,,.H(OH)OAg, is a white precipitate, 
easily decomposed, and yellow when dry. On heating with water it 
first becomes brown, then black, and silver oxide separates, along with 
boric and benzoic acids, or silver benzoate. 

o-Anisyl boric acid occurs as small, glistening plates, from hot 
water, M.pt. 105° the para acid yields white tablets of the mono- 
clinie system, melting at 201" to 208" l\, soluble in ether, hot alcohol, or 
benzene, less soluble in hot water. It reacts with ammoniaeal silver 
solutions in the usual way, and yields p-nnisylmemme chloride with 
mercuric chloride. 

o-Phenetyl boric acid crystallises from water in small, white 
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needles, M.pt. 171° C. ; the para compound in clusters of feathery, 
glistening needles, M.pt. 159° C., which are easily soluble in cold alcohol, 
ether, or hot benzene. Both compounds react with mercuric chloride, 
but neither of them yields an oxide on heating, or forms salts, these 
properties being shared by the anisyl compounds. 

Benzyl boric acid, M.pt. 101° C., 1 forms an isobutyl ester , B.pt. 
ISO" to 190° C. at 3<> mm. 

o-Xylyl boric acid 2 yields line, colourless needles, M.pt. 190-5° C. ; 
the meta acid is obtained' by heating the oxide with water, its diethyl 
ester being a colourless liquid, B.pt. 1G()°C., formed when boron m-xylyl 
dichloride is dropped into a large excess of absolute alcohol. The para 
acid crystallises from water in feathery groups of hair-like needles, 
M.pt. 1 80° which slowly change to the oxide in the desiccator. 

a -Naphthyl boric acid 2 crystallises in line, colourless needles from 
water, sintering at 242" C. and melting at 259° 0. It is easily soluble in 
ether, alcohol, hot water, with difficulty in petroleum ether or cold 
water. a-Nnphthyl mercuric chloride may be isolated from the acid 
in the usual way. ' When boiled with water, particularly in the presence 
of alkali, the acid yields naphthalene and boric acid : 


t! l 0 II 7 Ii(OH) a +II*O^C 10 H 8 +IJ(OII)a 

Although the acid reddens litmus, it only forms salts with difficulty ; 
the barium and silver salts are known, the latter reacting with water 
to produce naphthalene, silver oxide, and boric acid. 

'j3- Naphthyl boric acid exists in two modifications. When re- 
crystallised from water, colourless plates are produced, melting at 248° C. ; 
these when dissolved in a little alcohol, and the solution poured into cold 
water, appear as the second modification, in line needles, M.pt. 2(50° C. ; 
reerystullisation from hot water changes this second form back into the 
first* The latter modification acts towards alkali and mercuric chloride 
as the a-naphthyl acid. The barium salt forms pale reddish plates, 
easily soluble in hot water, and the silver salt is also known. ’Distilla- 
tion of borou-/J-naphthyl diehloride and sodium methylate under ;50 mm. 
pressure lends to the formation of the methyl ester of the acid, which is an 
odourless, thick, colourless liquid, boiling at HK) M to 180° C. at 50 mm. 
It fumes in air, and changes to the oxide when treated with water. 

The following oxides are formed either by the action of water on the 
di halides or by dehydration of the acid in vacuo. Those obtained by 
the first method are marked (A), by the second (B). 

Phenyl boron oxide, (A) and (B). 

o -Toly l boron oxide, (B), is a white powder, soluble with difficulty 
in alcohol or ether, and supposed to be formed when the acid melts. 
The corresponding para oxide, (B), melting at 257 u to 258° C., is recon- 
verted by hot water to the acid, 

o-Xylyl boron oxide, (B) f M.pt. 22(f C\ -The dehydration of the 
acid in Has case only requires forty-eight hours, but in the ease ot p- 
xylyl boric acid three weeks is needed to complete the change. 

m-Xylyl boron oxide, (A), crystallises from ether in white needles, 
M.pt. 202" is soluble in alcohol or benzene, but insoluble in cold water. 
A solution of the oxide in very dilute ammonium hydroxide, when treated 


i Khotiiwky and Melamed, Her., 1009,42, 3099; Krause, German Patent, 371467 ; 
Chan. 1023, ii, 1089, , f 

3 Miehiw'iis, Antmkn, 1901, 315, 19. a MiohimUs, lkr n 1894, 27, 
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with silver nitrate, gives a pale yellow precipitate of the acid silver salt , 
C 8 H 9 B(OH)(OAg). 

p-Xylyl boron oxide, (B), M.pt. 176° C., forms a silver salt as above. 
Pseudocumyl boron oxide, (A), crystallises from ether in white, 
glistening needles, M.pt. 211° C., insoluble in water, easily soluble in 
the usual organic solvents. 

a -Naphthyl boron oxide is a white, micro-crystalline powder, 
difficultly soluble in ether or petroleum ether, but more soluble in alcohol. 

/3- Naphthyl boron oxide, (B), may be prepared also by the action 
of sodium ethoxide upon boron naphthyl dichloride : 

C 10 H 7 BCl 2 +2NaOEt=C 10 H 7 BO+2NaCl+Et 2 O 

The oxide crystallises in fine, colourless needles, M.pt. 266° C., is soluble 
in alcohol, with difficulty in ether, and insoluble in light petroleum. It 
requires prolonged boiling with water to change it back to the acid. 


Aluminium. 


Alkyl Compounds of the Type R 3 A1. 

Aluminium trimethyl, Me 3 Al, is a fuming liquid, spontaneously 
inflammable in air, solidifying to a crystalline mass about 0° C. It was 
no doubt obtained for the first time by Cahours, 1 but only in small 
quantities, by the action of mercury dimethyl upon aluminium at 100° 
to 130° C. The work has been repeated, 2 the same components being 
heated for several hours in a sealed tube placed in a water-bath. The 
compound obtained is then distilled over fresh aluminium, and after- 
wards distilled in hydrogen, the liquid distilling at 130° C. The 
boiling-point 3 is 127° to 129° C., and vapour density determinations 
indicate that the substance has the simple formula, Me 3 Al. 4 

Aluminium triethyl may be prepared in a similar manner to the 
methyl compound. 5 Aluminium triethyl is a liquid, B.pt. 194° C. when 
distilled in hydrogen ; it does not solidify at — 18° C. It is decomposed 
with explosive violence by water ; with iodine it yields ethyl iodide and 
iodine derivatives. At 234° C. the vapour density is 4-5 (theory 3-9), 
the refractive index having the value n D 1-480 at 6-5° C. 

A compound of aluminium triethyl with aluminium bromide has also 
been described, (C 2 H 6 ) 3 Al.AlBr 3 , but its existence seems doubtful. 6 

Aluminium tripropyl, 7 formed in the usual way at 130° C., is a 


1 Cahours, Annalen , 1860, 114 , 242. 

2 Buckton and Odling, Annalen, Supp., 1865-1866, 109-113 ; Proc. Roy. Soc., 1865, 

14 , 19. 

8 Quincke, Zeitsch. physilcal. Ghem., 1889, 3 , 164. 

4 See Louise and Roux, Compt. rend., 1888, 107 , 601 ; Bull Soc. chim., 1888, [ 2 ], 50 , 
511. Buckton and Odling gave the following figures for the vapour density : 2-80 at 240° C. • 
2-80 at 220° C. ; and 2*81 at 220° C., theory requiring the value 2-5 ; the refractive index 
is nD 12 1-432 (Bleekrode, Bee. trav . chim., 1885, 4 , 80). 

* Cahours states that aluminium and ethyl iodide when heated in a sealed tube for 
24 hours at 130° give rise to a colourless liquid, fuming in air and boiling at 340° to 350° C. 
It is found to be a double compound of aluminium iodide and aluminium triethyl, but 
treatment with zinc ethyl decomposes it with the formation of zinc iodide and aluminium 
triethyl. A similar observation was made by Hallwachs and Schafarik ( Annalen , 1859 
109 , 207), but these investigators only appear to have isolated the double compound 

6 Furstenhoff, Ghem. Zentr., 1904, i. 785. 

7 Cahours, Jahresber., 1873, p. 518; Ber., 1873, 6 , 567; Compt. rend., 1873, 76 133 

748,1383; Louise and Roux, loc. cit. 3 
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colourless liquid, inflammable in air, B.pt. 248° to 252° C. It yields 
with water, propane and aluminium hydroxide. 

Aluminium tri -isobutyl 1 is a colourless liquid, fuming in air. 
Aluminium tri-isoamyl is a liquid, boiling about 250° 0. at 80 to 
100 mm.; vapour density determinations indicate the formula to be 

al(( 5 n u ) 0 .“ 


A ht minium Trialkyl Et Iterates? 

Aluminium triethyl -etherate, 4AlEt„ 3Et 2 0, may be obtained 
in several ways, namely : 

1. By the action of ethyl bromide on an alloy of magnesium and 
aluminium in the presence of dry ether. The alloy contains 15-10 per 
cent, of aluminium, 0*24 per cent, of silicon, and traces of iron and 
calcium. The reaction mixture is cooled, and the ethyl bromide added 
in small portions, as the reaction is vigorous. After completion, the 
ether is distilled off and the residue distilled in nitrogen under reduced 
pressure, namely, at 140° to 180° C. at 14 to 10 mm. 

2. From aluminium triethyl and anhydrous ether. 

3. In quantitative yield from ethyl magnesium bromide and anhy- 
drous aluminium chloride. 

The etherate is a colourless, mobile liquid, B.pt. 1 1.2° C. at 1.0 mm., 
and is stable in* a sealed tube, even when exposed to light. It reacts 
with explosive violence with water, but: is not spontaneously inflammable 
in air, although it undergoes rapid decomposition. At atmospheric 
pressure its boiling-point is 210“ to 218“ C., slight decomposition taking 
place. The following physical constants have been determined ; 
B.pt. 1 10-5° 0. at 18*5 mm. ; density at 17-4° 0., 0*8200 ; n u « 1*43 403 ; 
n ( > 1*43700 ; n Hi , 1*44349 ; n ih 1*44884 at 17*4“ C. 

Aluminium trimethyl etherate, B.pt. 08“ C. at 15 mm., tends to 
be spontaneously inlhunmable. 

Aluminium tripropyl etherate, B.pt. 135“ C. at 18 mm., fumes 
strongly in air. 

Alkyl Compounds of the Types R 2 AiX and KAIX». 

Aluminium powder and dry ethyl iodide, free from alcohol, react in a 
nitrogen atmosphere to give a mixture of these types of compounds. In 
air, the compounds are spontaneously inflammable, but the etherates do 
not exhibit this property. 4 Aluminium diethyl iodide is a clear, mobi le 
liquid, B.pt. 1 18“ to I20“0. at 4 to 5 mm., density 1*009 at 27“ 0. Alumin- 
ium ethyl, di-iodide has IM.pt. 35“ to 37° C M B.pt. 1 58“ to 100° (1. at 
4 mm. When its ethereal solution is treated with benzoyl chloride, aa- 
dibenzoylethane, a little propiopheuone and ethane are formed. 6 Acetone 
and acetophenone with aluminium ethyl or isoamyl iodides yield mesityl 
oxide and triphenylbenzene respectively. 6 The following compounds 
have also been obtained: A1 J r{ (NU 2 ) ;l .KtA), from aluminium ethyl 
iodide and ammonia ; A 1 . J a ( N 1 1 E t ) K t 2 ( ) , from aluminium propyl 

1 UalimifH, ( 'ompt. refill., 2.873, 77* Ht)3, 

8 Lotiim- and Uoux, toe. fit. 

“ Kmnw ami for., 1923, $6, |B|, 480. 

4 Urigimrd ami ilrnkinn, i'mnpt. nml, 1924, *79* 89. 

* hroiu*, AUi. U. Acmd. Lined, 1925, (,vi. j, 1 , 229, 443. 

* Imiim and JBraicovio, AUi* It. Amid* Lined , 1924, fv.J, 33* S67. 
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iodide and ethylamine ; A l 2 I a ( N Me* ) a .K l; 2 ( ), from aluminium propyl 
iodide and dimethylamine ; A 1 2 I a (N II Pi) ) a . Ft 2 < h from aluminium 
ethyl iodide and aniline. All these compounds are white, crystalline 
powders, decomposed by moisture with evolution of ammonia. 


Aluminium Compounds from Methylene Iodide , 

When aluminium and methylene iodide are allowed to stand for a 
considerable period, a reaction takes place and the mixture solidities. 
The compound is white, crystalline, and highly reactive. 1 If the 
reaction is allowed to take place in anhydrous ether, the aluminium 
dissolves, a heavy liquid is obtained, and ethylene evolved. The re- 
action is represented as taking place as follows ; 

8CIU a I 4A1^3CU*: All | AIL, 
gcii 2 i 2 ( 4A1 ac 2 n (J i iail, 

With methylene bromide a similar compound is obtained, but tin* 
reaction is slower and less ethylene is evolved. The compounds yield 
additive products with iodine, CII.J.AlBrJ, and the latter when decom- 
posed by water gives methyl iodide : - 

CII a LAlUrM il 2 <> OilaH AIBrM)!L # 

Arp l Compounds of the Type K a AL 

Aluminium triphenyl, Ph a Al.® Five grams of mercury diphenyl 
and 1 gram (4* mols.) of aluminium sheet cut into small pieces are 
heated in complete absence of air and moisture in a stream of hydrogen 
or nitrogen. At 140* C. the reaction takes place with considerable 
evolution of heat and goes quantitatively to completion in ten to 
fifteen seconds. The reaction mass contains some metallic mercury, 
amalgamated aluminium, and a faint yellow, viscous product, which 
crystallises on standing. It is washed with dry ether, in which tin* 
bulk dissolves leaving a small residue which is filtered off, and the 
ether is then removed in vacua . The product thus obtained as line, 
white needles, M.pt. 112° to Uif (\, contains 1 mol of ether of 
crystallisation (Ph a Al.Et 4 0) ; this on removal by heat gives pure 
aluminium triphenyl, M.pt IfXT to 200° C. In compact masses the 
decomposition by air is slow, but dry air passed through tin* ethereal 
solution produces a white, amorphous precipitate, probably phenyl 
aluminium oxide (PhAlO). With water the compound inflames, alumi- 
nium hydroxide, benzene, and diphenyl being formed. Its addition 
compound with ether is only stable in perfectly dry solvents. Alumi- 
nium triphenyl reacts with alcohol with evolution of heat, but the 
compound produced does not appear to be the aleoholate, but an 
infusible compound, which yields some benzene and a strong smell of 
phenol on treatment with water. 

Condensation products formed by acetone and chloroform do not 
appear to have been very thoroughly investigated, but iodine decomposes 
aluminium triphenyl, yielding aluminium iodide and ioriobenasem*. 

1 Them**, (hmpk muL t 1022, * 74 , 464. 

^ Faillebm, (lamp, mid,, 1022, 174, 112. 

51 Milperfc End UrUttnor, iter,* 1912, 45 , 2H2S. 
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Indium . 1 

Indium diphenyl chloride. -Indium trichloride 2 * from MG grams 
of metallic indium, and 10*77 grams of mercury diphenyl (3 mols.) 
are boiled with 50 e.<\ of xylene for thirty-seven hours. After filtering, 
the residue mostly melts at 2*15° to 250° C., but a portion does not melt 
at 295° C. The mass is extracted in a Soxhlet apparatus with dry 
benzene to remove any mercury compounds, and the residue in the 
thimble (0*0*17 gram) is organic and found to be indium diplicnyl chloride. 
It is a crystalline, cream-coloured powder, insoluble in the usual organic 
solvents, and does not melt at 350° C. 

Indium phenyl oxide. Metallic indium (1*5 grams) and 2*25 
grams of mercury diphenyl are heated at 270° C. in a nitrogen atmosphere 
for thirty minutes, the operation being carried out at a pressure of 
1 7*2 mm. After (Doling, the product is extracted with dry ether and 
the solvent allowed to evaporate spontaneously. An oil remains which 
solidifies on the addition of light petroleum. This is taken up in ether 
and rep rceipi fated with light petroleum, when a. cream-coloured organic 
compound is obtained. It does not melt at 21)0° 0., and its composition 
corresponds to C 0 Il 6 InO.In 2 O a . It is insoluble in cold benzene, and 
only sparingly soluble in cold glacial acetic acid. 


Thallium. 

Alkyl Derivatives of the Type R a TiX. 

Thallium dimethyl chloride, (Cn a ).Tl( , l, is prepared by dissolv- 
ing the sulphydrate in acetic acid, and after boiling to expel the 
hydrogen sulphide, dilute hydrochloric acid is added. On cooling, the 
chloride separates in glistening, white, shimmering plates, which do not 
decompose* at 280" (V* 

Thallium dimethyl bromide may he obtained by the interaction 
of magnesium methyl bromide and thullie chloride, and crystallises 
from dilute ammonia containing sodium bromide in while, silver, 
glistening plates, which do not melt at 275" 0. When treated with 
silver lluoride it yields thallium dimethyl fluoride, which de- 
composes above 280" 0. it forms a hydrate containing 12 mols, 
of water. 4 

Thallium dimethyl Iodide. This compound is obtained 5 by 
treating the mother-liquors from the above bromide with potassium 
iodide, the decomposition temperature of the product being given as 
20 f to 200 V. It may also be prepared by the act ion of magnesium 
met hyl iodide on thallie chloride. Obtained in this manner it only shows 

1 Goddard, unpubliHlied* 

a In order to prepare thin Halt, metallic indium in placed in a porcelain boat in a com- 
Im.stiou Ui\h' into which chlorine in panaed, the other end of the tube being protected from 
mowture by meann of a enkmtm chloride tufie. When all the air hun been (Unplaced, the 
tube in carefully heated, the indium burning with a pale blue flame, and the trichloride 
nublimmg in wlnto eryntaln along the tula*. After cooling, the chlorine in replaced by 
nitrogen and the chloride washed into a flank with dry ether. 

il Meyer and Hertheim, Htr. f 1904, 37 , 2051, 

4 K rause and ( .ronae, />Vn, 1025, 58 , ( B|, 272, 

* Meyer and Berthejm, ttt<\ cit. 
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slight decomposition at 295° C., and does not melt at 300° C. 1 The 
reaction takes place according to the equation : 

T1C1 3 +2MgRI =T1R 2 I +MgCl 2 -fMgCU 

The iodide crystallises from hot water or dilute ammonium hydroxide 
in shining silvery plates, which are only slightly soluble in alcohol or 
acetone, and insoluble in ether or light petroleum. 

Thallium dimethyl hydrosulphide. — When an excess of yellow 
ammonium sulphide is added to an ammoniacal solution of thallium 
dimethyl bromide, a white precipitate of the hydrosulphide separates. 
This is washed with hydrogen sulphide water to purify it, but it tends to 
form a colloidal solution, which is difficult to filter. When dry it de- 
composes with explosion on heating or in contact with fuming nitric 
acid. It dissolves in dilute nitric acid, with the separation of sulphur; 
and in dilute sulphuric or acetic acid, with the evolution of hydrogen 
sulphide. 

Thallium dimethyl carbonate. — This compound crystallises in 
large, hexagonal plates from the solution occurring from the interaction 
of thallium dimethyl iodide and silver oxide, after boiling and evaporat- 
ing in air, the hydroxide formed during the reaction absorbing carbon 
dioxide. It is very soluble in water, moderately so in alcohol or acetone, 
and slightly soluble in ether. By treatment with mineral acids carbon 
dioxide is evolved and salts are formed. 

Thallium dimethyl nitrate is formed when silver nitrate and 
thallium dimethyl iodide are boiled together in aqueous solution. The 
salt does not melt at 300° C. and crystallises from alcohol in shining, 
white plates, which are soluble in water and acetone, but less soluble in 
ether. 

Thallium dimethyl chromate is prepared as above, using silver 
chromate, and forms brilliant yellow plates from water, these decom- 
posing at 255° C. without melting. The chromate is very soluble 
in water, alcohol, or acetone, and dissolves slightly in ether or light 
petroleum. 

The following methyl compounds have been prepared by treating 
thallium dimethyl iodide with silver oxide, boiling the mixture until all 
the thallium compound has dissolved, and then adding to the solution of 
thallium dimethyl hydroxide thus obtained, the nitrophenol or nitro- 
cresol, and evaporating the whole until crystals appear. 2 

Thallium dimethyl o-nitrophenoxide crystallises from water 
in brick-red needles, which melt at 237° C. It is easily soluble in warm 
alcohol or pyridine, moderately soluble in acetone, chloroform, or 
toluene, slightly soluble in ether or carbon tetrachloride, and insoluble in 
light petroleum. 

Thallium dimethyl m-nitrophenoxide is isolated both as the 
acid and normal salt. The former has' the formula, C 8 II 10 O 3 NTl. 
C 6 H 5 0 3 N, and crystallises from water in brilliant red cubes, which soften 
a;t 150° C., and melt to a clear red liquid at 159° C. The normal com- 
pound, however, crystallises in yellowish-orange plates, which melt to a 
red liquid at 202° C., the latter decomposing on boiling. This form may 
also be derived from the acid variety by treatment with alcohol or 
ether. It is soluble in cold pyridine, acetone or warm alcohol, moder- 

1 Goddard, Trains. Chem. Soc 1921 , 119, 672 . 

2 Goddard, ibid., 1310 . 
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- Til 131111 ? 1 ! 1 dlI f et 1 h y 1 P-nitrophenoxide crystallises from alcohol 

m yellow plates, which darken at 273° C. and explode violently at 275° C. 
It is easily soluble m cold pyridine, moderately soluble in alcohol or 
acetone, arid insoluble in other organic solvents. 

Thallium dimethyl 4 : 6 -dinitro -2 -aminophenoxide. — This 
compound, which is obtained by the use of picramic acid, crystallises 
from water m small, deep reddish-violet plates, darkening at 220° C. and 
melting with decomposition at 236° C. It is easily soluble in alcohol, 
acetone, or pyridine, moderately soluble in ether, and insoluble in 
chlorof orm, carbon tetrachloride, toluene, or light petroleum. 

Thallium dimethyl 3 -nitro - o -tolyloxide crystallises in deep red 
piates which have a brown reflex, and melt to a deep red liquid at 186*5° 
C. The salt is readily soluble in cold pyridine, warm alcohol, acetone, 
ether, toluene, or chloroform, moderately soluble in carbon tetrachloride, 
find slightly soluble in light petroleum. The colour of all these solutions 
i s red, dilution not completely destroying the red tone. 

Thallium dimethyl acetate is formed when thallium dimethyl 
hydroxide solution is treated with acetic acid, the concentrated solution 
yielding elongated plates, M.pt. 293° C. The acetate is very soluble in 
water, alcohol, or acetone, less soluble in ether or petroleum. 

Thallium diethyl chloride. — This derivative was first obtained 
by the action of zinc diethyl on thallic chloride. 1 Hansen stated that 
his compound was soluble in hot water, alcohol, and ether, crystallised 
m silky, glistening crystals, which remained unmelted at 225° C., and 
decomposed with explosion on sudden heating, forming thallous chloride 
and a gas. The specimen obtained by Hartwig 2 was scarcely soluble in 
ether, and when heated in the dry state in a paraffin bath to 190° C. 
decomposed with slight explosion, an inflammable gas being evolved. 
Another preparation 3 from the interaction of magnesium ethyl chloride 
and thallic chloride was stated to decompose at 205° to 206° C., and to be 
more difficultly soluble than the methyl compound. The present author, 
however, from his observations of these thallium compounds, is in- 
clined to believe that this chloride does not melt even at 300° C. 

Thallium diethyl fluoride decomposes above 170° C. and forms 
a hydrate crystallising in plates. 

Thallium diethyl bromide is easily isolated from magnesium ethyl 
bromide and thallic chloride; its solubility falls between that of the 
chloride and iodide, and it remains unmelted at 300° C. 

Thallium diethyl iodide crystallises from water in white plates 
when quite pure, and investigators differ regarding its temperature of 
decomposition. 4 It may be prepared from the corresponding chloride or 
bromide by the addition of potassium iodide to their aqueous solutions, 
or by the interaction of thallium diethyl sulphate and barium iodide, 
also by use of the Grignard reagent. It is difficultly soluble in water, 
alcohol, or ammonia, but may easily be recrystallised from pyridine. 

Thallium diethyl hydroxide. — All the above halide compounds 
when boiled with silver oxide give a solution of the hydroxide, and when 


1 Hansen, Ber ., 1870, 3 , 9 ; Hartwig, ibid., 1874, 7 , 298. 

2 Hartwig, Annalen , 1875, 176 , 257. 


Meyer and Bertheim, Ber., 1904, 37 , 2051. 

Hartwig gives 195° C. ; Meyer and Bertheim, 185° to 187° C. ; Goddard, above 300° C. 
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making salts such a solution may ho used, since it is not necessary to 
isolate the solid hydroxide. This, however, may he accomplished as 
follows : 0-4 grams of thallium diethyl iodide are dissolved in .100 e.e. 
of boiling water, and the silver oxitle derived from 20 grains of silver 
nitrate added, whilst the whole is kept, boiling by leading in steam until 
a test portion of the filtrate is halogen-free. The liquid is then filtered 
in carbon dioxide-free air, and evaporated to a small bulk in a stream of 
hydrogen. After cooling in the gas stream, a white, crystalline mass 
appears, and this is dried in vacuo over phosphorus pentoxide and soda 
lime* The base thus obtained melts at 127 to 128 ' is very soluble in 
water and alcohol, the solutions acting strongly alkaline towards litmus, 
and rapidly absorbing carbon dioxide from the atmosphere. It explodes 
in contact with fuming nitric acid, precipitates the hydroxides of metals 
from their aqueous solutions, and yields salts when treated with acids 
or compounds containing acid groupings. 

Thallium diethyl hydrosulphide is prepared in a like manner to 
the dimethyl compound and possesses similar properties. 

Thallium diethyl carbonate. When the corresponding bromide 
or iodide is boiled with silver oxide m aqueous solution, and the filtrate 
evaporated in the presence of air, the carbonate is deposited in glistening 
needles, which decompose at 204 (’. The salt may lie reerystallised 
from alcohol, or precipitated from alcoholic solution by ether, and it is 
less soluble in hot water than in cold. Its solutions show an alkaline 
reaction, and when treated with acids, salts are tunned with the evolu- 
tion of carbon dioxide* 

Thallium diethyl hydrogen carbonate. When the above salt 
is dissolved in water and the solution saturated with carbon dioxide, 
the addition of alcohol precipitates the hydrogen carbonate as a white, 
crystalline powder. This in solution reacts feebly alkaline, but if the 
solution be evaporated by healing, the normal salt is again formed* 

Thallium diethyl nitrite * 1 A suspension of thallium diethyl 
iodide in acetone is shaken with l he calculated amount of silver nitrile 
for one hour, and allowed to stand overnight . After fit! ration, the 
acetone solution is evaporated, the nitrite crystallising in large {runs 
parent plates, which remain unmelted at 21)0 ' t\ It is also completely 
soluble in hot pyridine, hut insoluble in other organic solvents. 

Thallium diethyl nitrate* When the aqueous solution derived 
from the interaction of thallium diethyl chloride and silver nitrate is 
concentrated* white plates are deposited. This compound, which is 
the nitrate, is said by Hart wig to explode at 2*10 (\, but this seems 
doubtful, considering that the nitrite does not decompose at *100 ’ C\ The 
compound is moderately soluble in water, with difficulty in alcohol, and 
insoluble in ether. 

Thallium diethyl sulphate may be prepared by the same method as 
the nitrate, and crystallises in plates or needles, which are stated to 
explode above 205” (t It is soluble in water, ether, or alcohol* 

Thallium diethyl phosphate crystallises in needles, exploding at 
biff A', and easily soluble in water ami alcohol, slightly soluble in ether* 
Thallium diethyl chromate is deposited from aqueous solution in 
brilliant yellow plates, which are also very soluble in alcohol, but less so 
in ether* The chromate decomposes with violent explosion at I till 1 (\ 
Thallium diethyl thiocyanate forms small, colourless plates, 

1 OoddnnI, Tran#* Chvm. Hu<\ % 1022, I2i» *17, 
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which arc readily soluble in water or alcohol, but only slightly so in 
ether. The compound is quite stable up to 300° C. 

Whilst the foregoing compounds were prepared bv the action of 
silver salts on thallium diethyl halides, those now to be described 
were obtained by direct, action of acid compounds on thallium diethyl 
hydroxide solutions. 1 

Thallium diethyl acetate crystallises in short white needles, M.pt. 
232° to 233° <k, and has a similar solubility to the corresponding methyl 
compound. Hartwig described an acetate which slightly blackened at 
212' C., and distilled unchanged at 2-15° C. 

Thallium diethyl trichloroaeetate forms white, crystalline plates, 
which do not melt at 300° C. The salt is very soluble in water, alcohol, 
or acetone, but less so in light petroleum. 

Thallium diethyl propionate, M.pt. 228° to 229° C., occurs in line, 
short needles, completely soluble in hot alcohol, ethyl acetate, toluene* 
or acetone, in col<i pyridine or chloroform, moderately soluble in hot 
ether or carbon tetrachloride, and slightly soluble in light; petroleum. 

Thallium diethyl valerate yields* small needles, M.pt. 215° (1, 
which are completely soluble in cold alcohol, ether, pyridine, chloroform, 
or hot carbon tetrachloride, moderately soluble in cold toluene, acetone, 
or ethyl acetate, and insoluble in light petroleum. 

Thallium diethyl n-hexoate forms transparent needles, half an 
inch in length, softening at 182“ (!, and melting at 190° C. • except 
for its solubility in light petroleum, it agrees in all respects with the 
valerate. 

Thallium diethyl n~octoate occurs as long, transparent needles, 
M.pt. 1 59° Ik, which exhibit similar solubility to the hexoate. 

Thallium diethyl lactate crystallises in small plates from alcohol, 
which decompose suddenly without melting at 207-5° C, The salt is 
soluble in cold water, acetone, or alcohol, and easily soluble in boiling 
chloroform, toluene, or ethyl acetate. 

Thallium diethyl p-nitrobenzoate yields microscopic needles, 
M.pt. 2 18° (\, which are completely soluble in cold pyridine, moderately 
soluble in alcohol or chloroform, slightly soluble in carbon tetrachloride, 
toluene, ethyl acetate, or acetone, and insoluble in ether or light petro- 
leum. 

Thallium diethyl p-iodobenzoate forms small white needles, 
decomposing with slight explosion at 220° (\ and having a similar 
solubility to the p-nitrobenzoate . 

Thallium diethyl m-bromobenzoate yields small, white needles, 
which decompose with considerable gas evolution at 220° (k, and with 
the exception of its insolubility in acetone, the compound resembles 
the nit ro benzoate. 

Thallium diethyl o~nitrophenoxide softens at 200° (!. and melts 
with decomposition at 210° crystallises from water in brilliant scarlet 
plates which are soluble in cold alcohol, ether, chloroform, acetone, or 
boiling toluene, and arc insoluble in light petroleum. 

Thallium diethyl m-nitrophenoxide forms brownish-orange, 
oblong plates, M.pt. 190° (k, after darkening at 194° (k The compound 
is less soluble in Hu* above-named solvents than tin* ortho derivative. 

Thallium diethyl p-nitrophenoxide crystallises from water in 
lemon-yellow, rhomboidul plates, darkening at 233“ (k and melting at 
1 (iodiitmi, Tran ft. ('hem, 1 1)22, 121 , 3 it 
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238° C, It is less soluble in water than the ortho- and meta-compounds, 
only moderately soluble in alcohol, acetone, or chloroform, less soluble 
in ether, and insoluble in boiling toluene or light petroleum. 

Thallium diethyl 2 : 4 -dinitrophenoxide forms brownish-orange, 
crystalline plates, M.pt. 174° C. The salt is easily soluble in'hot pyridine, 
moderately soluble in alcohol, acetone, or ether, slightly soluble in 
chloroform or toluene, and insoluble in carbon tetrachloride or light 
petroleum. 

Thallium diethyl 2 : 6-dinitrophenoxide forms deep orange 
plates, sintering at 182° C. and melting with decomposition at 190° C. 
The salt is completely soluble in cold alcohol, ether, or acetone, giving 
yellow solutions in pyridine, ethyl acetate, chloroform, or hot toluene, 
fairly soluble in carbon tetrachloride, and insoluble in light petroleum. 1 

Thallium diethyl 2 : 4 : 6-trinitrophenoxide crystallises from 
water in golden-yellow, oblong plates, which darken at 200 C. and 
melt with decomposition at 204° C. The salt is very soluble in water or 
cold alcohol, ether, chloroform, or acetone, moderately soluble in boiling 
toluene, and insoluble in light petroleum. 

Thallium diethyl 4 : 6-dinitro-2-aminophenoxide gives small, 
carmine-red plates, which have a metallic lustre and explode violently 
when moistened with fuming nitric acid. The salt darkens at 140° C., 
melts with decomposition at 159° C,, and is moderately soluble in alcohol, 
acetone, or pyridine, slightly soluble in chloroform, ether, or toluene, 
and insoluble in carbon tetrachloride or light petroleum. 

Thallium diethyl hexanitrodiphenylamine crystallises in bril- 
liant carmine plates, having a violet reflex, M.pt. 224° C. It is soluble in 
cold alcohol, acetone, ether, pyridine or ethyl acetate, and insoluble in 
toluene, light petroleum, chloroform, or carbon tetrachloride. 

Thallium diethyl 4-nitrosophenoxide. — This salt is only isolated 
in the form of its acid salt, C 10 H 14 O 2 NTl.C 6 H 4 O 2 N. From water it is 
deposited in blue-black needles having a violet reflex, these crystals being 
completely soluble in pyridine , slightly soluble in acetone or alcohol, 
giving a brown solution in the latter, and insoluble in other organic 
solvents. 

Thallium diethyl 3 -nitro -o -tolyloxide crystallises in deep red 
plates having a green reflex, M.pt. 190° to 191° CL, and is easily soluble in 
cold alcohol, ether, chloroform, pyridine, or boiling toluene, moderately 
soluble in water or hot carbon tetrachloride, and slightly soluble in light 
petroleum. 

Thallium diethyl 4 -nitro - m -tolyloxide gives pale red plates, 
darkening at 220° C. and exploding violently at 228° C. The salt is 
moderately soluble in alcohol, ether, or pyridine, slightly soluble in 
toluene, chloroform, or carbon tetrachloride, and insoluble in light 
petroleum. 

Thallium diethyl 6 -nitro -m -tolyloxide , obtained in small 
lemon-yellow plates, darkens at 210° C., and melts with decomposition 
at 216-5° C. It is easily soluble in cold pyridine, hot alcohol, or acetone, 
slightly soluble in ether or chloroform, and insoluble in carbon tetra- 
chloride, toluene, or light petroleum. 

Thallium diethyl 3 -nitro -p -tolyloxide is deposited from aqueous 
solution in small, ruby-red, rhomboidal plates, having a green lustre. 
It softens at 200° C. and melts at 206° C., is easily soluble in hot 
1 Goddard, Trans. Ghem. Soc., 1923, 123, 1167. 
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pyridine, moderately soluble in chloroform or toluene, slightly soluble 
in alcohol, ether, acetone, or carbon tetrachloride, and insoluble in 
light petroleum. 

Thallium diethyl 5 -nitro-o-tolyloxide. — This derivative is 
obtained in the form of its acid salt, C u H 16 0 3 NTLC 7 H 7 0 3 N, which 
softens at 165 C. and melts to a red liquid at 181-5° C. The salt 
crystallises m brownish-yellow plates, which are easily soluble in cold 
water, pyridine, warm alcohol, or acetone, moderately soluble in ether 
or chloroform, slightly soluble in toluene, and insoluble in carbon tetra- 
chloride or light petroleum. 

Thallium diethyl dinitro-o-tolyloxide crystallises in terra cotta 
plates, which blacken at 215° C. and explode with great violence at 
219° C. It is completely soluble in cold pyridine or hot alcohol, ethyl 
acetate or acetone (giving yellow solutions in the two latter), moder- 
ately soluble m toluene, ether, or chloroform, and insoluble in carbon 
tetrachloride or light petroleum. 

Thallium diethyl trinitro-m-tolyloxide forms brilliant, yellow 
needles, which sinter at 203° C. and decompose with gas evolution at 
214° C. This compound has a similar solubility to the above dinitro 
derivative. 

Thallium diethyl dinitro -jS-naphthoxide crystallises in dull, 
greenish-yellow, microscopic, flat-ended blades which decompose at 
208° C. The salt is completely soluble in pyridine or acetone, moder- 
ately soluble in alcohol, giving a reddish-yellow solution, slightly soluble 
in chloroform, ethyl acetate, or ether, becoming bright yellow in the 
latter, and insoluble in carbon tetrachloride, toluene, or light petroleum. 

Thallium diethyl trinitro-a-naphthoxide is deposited in orange 
plates from aqueous solution, these sintering at 218° C. and melting with 
decomposition at 220° C. It is completely soluble in cold pyridine or 
acetone and hot ethyl acetate, moderately soluble in alcohol or ether, 
less so in chloroform or toluene, and insoluble in light petroleum or 
carbon tetrachloride. 

Thallium diethyl a-nitroso-^S-naphthoxide crystallises from 
alcoholic solution in deep green needles which melt with decomposition 
at 217° C. It is insoluble in light petroleum, and completely soluble in 
all other organic solvents, giving green solutions in alcohol or carbon 
tetrachloride, and brown solutions in other solvents. 

Thallium diethyl 2:4- dinitronaphthoxide - 7 - sulphonate is 
obtained in pale orange needles which darken at 217° C., but do not 
melt at 280° C. These crystals contain 2 mols. of water of crystal- 
lisation, and are completely soluble in cold acetone or warm pyridine, 
moderately soluble in alcohol, slightly in carbon tetrachloride, and in- 
soluble in other organic solvents, the colour deepening in toluene. 

Thallium dipropyl chloride is obtained by the action of magnesium 
n-propyl chloride on thallic chloride, the yield being 70 to 80 per cent, of 
the theory. The compound crystallises from dilute aqueous ammonia 
in glistening silver plates which decompose at 198° to 202° C. The 
bromide and iodide (M.pt. 183° to 185° C.) are isolated in the usual 
manner, and the hydrosulphide is more easily obtained than in the 
methyl and ethyl series. 

Thallium dipropyl hydroxide is prepared as for the corresponding 
ethyl compound, but is only obtained as an oil, which does not solidify, 
and has not been analysed. 

von. xx. : x. 
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Thallium di-isopropyl chloride decomposes at 150° C. s and its 
nitrate is sparingly soluble in water. 

Thallium di-n-butyl fluoride 1 is obtained from the corresponding 
bromide by treatment with silver fluoride. It forms colourless needles, 
decomposing at 220° to 240° C. when rapidly heated. In alcohols or 
water it is readily soluble, sparingly in ether. When treated in aqueous 
solution with dilute hydrochloric acid, the chloride is obtained. This 
crystallises from pyridine in thick plates, from n-propyl alcohol in thin, 
colourless plates. It is sparingly soluble in water, and practically in- 
soluble in ether. When rapidly heated to 240° or 250° C. it explodes. 
The bromide crystallises in plates from pyridine or alcohols, is sparingly 
soluble in water and explodes at 240° to 250° C. The iodide forms 
plates which explode on rapid heating, but when slowly heated decom- 
pose at 220° to 225° C., becoming first brown, then yellow. It is decom- 
posed by nitric add with the separation of iodine. The sulphate is 
obtained from the carbonate , the latter being formed by the action of 
sodium carbonate on the fluoride. The sulphate crystallises in plates 
or needles, M.pt. 156° to 158° C., when placed in a ba th previously heated 
to 150° C. It explodes at 190° to 200° C. when rapidly heated. The 
nitrate forms thick plates from pyridine, and small needles from alcohols, 
which explode at 280° to 290° C. 

Thallium di-isobutyl chloride crystallises from hot alcohol, 
pyridine, or benzene, as well as cold ether, in long, glistening, colourless 
needles. The corresponding nitrate is a difficultly soluble, crystalline 
precipitate. 

Thallium di-isoamyl chloride explodes at 258° to 257" (\, and the 
fluoride melts at 216° to 218° C. with decomposition. They have similar 
properties to the n-butyl compounds. 

Thallium di -sec-butyl chloride explodes at about 150 ' V. and 
crystallises in colourless needles or plates, the form depending on the 
solvent used. The nitrate crystallises in plates. 


Aryl Compounds of the Type R./flX. 

Thallium diphenyl chloride . 2 Sufficient dry ether is added to 5 
grams of triphenylbismuthine to effect solution, followed by 8*54 grams 
of thallic chloride in the same solvent. A white precipitate is 
immediately thrown down, and this is extracted with acetone until 
free from diphenvlehlorobismuthine. The product after boiling with 
glacial acetic acid is recrystallised several times from pyridine. It is 
thus obtained in colourless, microscopic needles, which do not melt 
at 800° C„ and are slightly soluble in boiling glacial acetic acid, alcohol, 
ethyl acetate, or chloroform, and insoluble in ether, acetone, or light 
petroleum. 

The same product may also be isolated by the interaction of mercury 
diphenyl (1 mol.) and thallic chloride (1 mol.) in dry ether. In this 
ease, any mercury phenyl chloride which may be formed is removed 
by extraction with benzene, then further purification is carried out as 
above. 

Thallium diphenyl bromide . 3 10*8 grams of thallic chloride in 

1 Krause and Grease, Her., 1925, 58 , [ B j, 1988. 

2 Goddard, Tram, Chem . Hoc., 1922, 121 , 255. 

3 Goddard and Goddard, Tram . Chem . Hoc., 1922, 121 , 257. 
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dry ether are slowly added to a solution of 23-8 grains of bromobcnzene 
and 8*2 grains of magnesium ribbon in the same solvent. The mixture 
is cooled in ice during the operation, and after the reaction has subsided 
the whole is heated on the water-bath for half an hour, cooled, and 
decomposed with water. After iiltcring, the dried residue is extracted 
with pyridine, when transparent, microscopic needles are obtained which 
do not melt at 300° C. These are further purified as in the case of the 
chloride, and are insoluble in alcohol, chloroform, benzene, acetone, 
light petroleum, acetic acid, or ethyl acetate. 

T1 wjhwridt* melts at 305° to 310° (\ with decomposition ; it is easily 
soluble in hot water, insoluble in ether. 

Thallium di-o-tolyl chloride. This compound is prepared by 
the action of thallie chloride on magnesium o-tolyl bromide, then boiling 
the product obtained with dilute hydrochloric acid. It crystallises from 
pyridine in slender, microscopic needles, which do not melt at 300° C. 
and arc insoluble in all organic solvents. 

Thallium di-p-tolyl chloride is isolated from the interaction of 
tri-p-tolylbismuthine and thallie chloride. It crystallises from pyridine 
in small, transparent needles, which remain un melted at 300° C. and are 
slightly soluble in alcohol or acetone, and insoluble in chloroform, light 
petroleum, toluene, or alcoholic ammonia. 

Thallium di-p-tolyl bromide is prepared as in the case of the 
corresponding phenyl compound. It forms pale yellow needles, which 
do not melt at 300' C\ and are insoluble in all organic solvents with the 
exception of pyridine. 

Thallium di -a -naphthyl chloride is a white, crystalline powder, 
unmelted at 300" C. and obtained from tri-a-miphthylbismuthinc and 
thallie chloride 1 . It is fairly soluble in hot pyridine, slightly soluble in 
glacial acetic acid, ethyl acetate, chloroform, or alcohol, and insoluble 
in ether, acetone, benzene, or carbon tetrachloride. 

Thallium di-a-naphthyl bromide, prepared from magnesium 
a-naphthyl bromide and thallie chloride, is a fawn, crystalline powder, 
melting at 272" (’. and is completely soluble in cold pyridine, insoluble 
in toluene. 

Thallium di-cyclohexyl chloride 1 crystallises in long, colourless 
needles, exploding at 210 ' to 230" (*., is soluble in warm alcohol or 
benzene, insoluble in hot water or warm ether. 

Thallium diphenyl oxide .' 2 The chloride (4*5 grams) and 20 
grams of potassium hydroxide, in a mixture of 30 e.e. of absolute alcohol 
and 20 e.e. of water, are heated under reflux for eight, hours. The whole 
is then poured into water, the white floeeulent mass thus obtained 
being washed fret* from potassium hydroxide. The oxide is a white, 
crystalline powder, unmelted at. 300 (!., and is completely soluble 

in pyridine, slightly soluble in alcohol, chloroform, or water, mid in- 
soluble in acetone, xylene, carbon tetrachloride, light petroleum, or 
ethyl acetate. 

Thallium diphenyl nitrite 3 is obtained by boiling together 
thallium diphenyl bromide and silver nitrite in xylene solution for two 
and a half hours. The nitrite is deposited from pyridine in short, trans- 
parent needles, completely soluble in hot pyridine, slightly soluble in 

! K rami' find Groans Uw. HL 

a Goddard and Goddard, Tram* ('hem* AW., 1022, xsx, 4K<». 

a Goddard and Goddard, ibid*, 487. 
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chloroform or alcohol, very slightly soluble in acetone, and insoluble in 
other organic solvents. 

Thallium diphenyl nitrate has a similar crystalline form to the 
nitrite, is completely soluble in hot pyridine, very slightly soluble in 
boiling glacial acetic acid, water, or alcohol, and insoluble in other 
organic solvents. 

Thallium diphenyl chromate crystallises from xylene in pale 
yellow, short needles which are completely soluble in pyridine and 
boiling glacial acetic acid, slightly soluble in acetone, and insoluble in 
water and other organic solvents. 

Thallium diphenyl pyrophosphate crystallises from pyridine- 
ether solution in short, microscopic needles which are completely 
soluble in pyridine, moderately soluble in boiling glacial acetic acid, 
less soluble in alcohol, ethyl acetate, or chloroform, and insoluble in 
acetone, ether, carbon tetrachloride, or light petroleum. 

Thallium diphenyl acetate is obtained by treating the oxide with 
boiling glacial acetic acid, the evaporated solution depositing fine, trans- 
parent needles, M.pt. 262° C. The salt is completely soluble in hot 
pyridine, chloroform, toluene, ethyl acetate, or alcohol, moderately 
soluble in carbon tetrachloride or water, slightly soluble in ether or 
acetone, and insoluble in light petroleum. 

Thallium diphenyl acid propionate 1 forms fine silky needles from 
toluene, M.pt. 164° C., these being completely soluble in cold chloroform, 
hot alcohol, pyridine, ethyl acetate, or glacial acetic acid, fairly soluble 
in boiling water, and insoluble in ether or light petroleum. 

Thallium diphenyl acid valerate. — M.pt. 176° C., forms fine white 
needles from toluene, having a similar solubility to the propionate. 

Thallium diphenyl acid butyrate forms waxy needles, M.pt. 
170° C., when dissolved in acetone the addition of light petroleum 
precipitates the normal butyrate , M.pt. 230° C. 

Thallium diphenyl acid n-hexoate forms feathery rosettes of 
needles from toluene, M.pt. 191° C. ,* the normal salt obtained similarly 
to the butyrate melts at 208° C. 

Thallium diphenyl n-octoate is deposited from toluene in waxy 
needles, M.pt. 195° C., and is less soluble than the acetate. 

•Thallium diphenyl p-nitrobenzoate forms faint yellow, brunt- 
ended needles, M.pt. 228° C., which are completely soluble in cold pyri- 
dine, hot acetone, toluene, or ethyl acetate, slightly soluble in alcohol or 
ether, and insoluble in light petroleum, chloroform, or carbon tetra- 
chloride. 

Thallium diphenyl o-bromobenzoate forms cream, glistening 
plates, M.pt. 243° C., to a clear liquid. The compound is fairly soluble in 
chloroform, insoluble in ether or light petroleum, and completely soluble 
in other organic solvents. 

Thallium diphenyl m-bromobenzoate crystallises from toluene 
in glistening plates, M.pt. 247° C., the solubility of this salt being slightly 
less than the ortho compound. 

Thallium diphenyl o-nitrophenoxide. — This is obtained by the 
interaction of thallium diphenyl oxide and o-nitrophenol, and is a bright 
orange,^ crystalline powder which turns scarlet on heating, reverting’ 3 to 
its original colour on cooling. It melts to a blood-red liquid at 247° C., 
and is completely soluble in cold pyridine, fairly soluble in acetone or 
1 Goddard, Trans. Chem f Soc 1923, 123 , 1164. 
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alcohol, giving yellow solutions, slightly soluble in toluene (becoming 
scarlet), ether, or hot water, insoluble in light petroleum, carbon tetra- 
chloride, or ethyl acetate, being decolorised in the latter. 

Thallium ‘diphenyl p-nitrophenoxide.— ■ When thallium di- 
phenylchloride, silver oxide, and p-nitrophenol are boiled in xylene for 
three hours, and the product extracted with water, lemon-yellow 
needles of the above compound are obtained. It melts with decom- 
position at 250° C., and only differs slightly from the ortho compound in 
solubility. 

Thallium diphenyl trinitro - m - tolyloxicie forms yellow needles 
from water, melting with decomposition at 231° C. It is completely 
soluble in cold pyridine or acetone, and warm alcohol, ether, or ethyl 
acetate, fairly soluble in chloroform, slightly soluble in water, carbon 
tetrachloride, light petroleum, or toluene, becoming orange in the latter. 

Thallium diphenyl a-nitroso-^-naphthoxide crystallises from 
ether in microscopic, green needles, melting with decomposition at 238" C. 
The salt gives green solutions in alcohol, acetone, pyridine, toluene, or 
carbon tetrachloride, and is brown in other solvents, but differs from the 
corresponding ethyl compound in its insolubility in water. 

Thallium diphenyl trinitro-a-naphthoxide. This salt crystal- 
lises in brilliant orange needles, which melt to a blood-red liquid at 
232" («. With the exception of its complete solubility in hot alcohol, 
it resembles the corresponding ethyl derivative. 



CHAPTER XII. 


ORGANOMETALLIC DERIVATIVES OF THE MKTAI.S 
OF GROUP IV. 


A eoN.siDKKABi,K amount of work has lurn done during the past twenty 
years on the organic compounds of silieon, tin, and lea<i. and although 
ttu- majority of the germanium derivatives are of recent date, this is 
probably due to the rari ty and expense of t his metal. 

Silieon, being a non-metal, forms many types of compounds which 
could not be expected from the other three elements. Like carbon, it is 
capable of forming both chain and ring compounds, but with this 
essential difference, that whereas the carbon compounds consist of 
carbon to carbon linkages, the silieon usually links itself alternately with 
oxygen. Examples of such arrangements of atoms are shown as follow s, 
together with any relationships which may exist with similar inorganic 
compounds : 

Orthodieilicic Acid Type, 1 1 „Si )-. 

no- Si— -0 Si OH ’ IIO Si O Si OH 

/\ / \ /"\ /'\ 

oil OH OH OH Ph Ph Ph Ph 

Ortlwtrmimc Acid Type, II H Si. 

HO Si <) Si () Si OH 

/\ /\ /\ 

OH OH OH OH OH OH 

HO Si O Si O Si OH 

PlTph Vh Ph Ph Ph 

()rlhntdra, silicic Add Tt/pc, II , 0 Si 1 C) ia . (Fm; mid unknown,} 

IIO >Si — Si ~() - Si - o . Si OH 

/\ y\ >\ /\ 

rh Ph Ph Ph Ph Ph Ph Ph 

Germanium compounds corresponding to this teirasilieie arid type 
nvc also known. Chain compounds which have corresponding rvrlit* 
anhydrides, formed by condensation and elimination of water, are riven 
below ; 
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II<>.SiL>h,.0.SiPli s .01I 
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Caveu 1 lias also pointed out that, the oxychloride 1 , Si a O,Cl 8 , may 
have a cyclic const itution, which has an organic analogue, 


() 


/Sit'l,, 

\ ‘ 
\Si(’l, 


() 

o 



o 


ySilMu O SiPh 2 . 
\siPh 2 () Sil’h./ 


o 


Silicon also resembles earbon in forming ketones of the t ype R.SiO.R, 
but the likeness between the two classes ends with the formula*. The 
following comparison has been drawn between the hydrocarbons and 
tin* silicon hydrocarbons: 2 


Hydrocarbon. 

lYIe.lkCMe.j 

Me‘tkRh 

Me^kEtPh 

Kt.jC.Ph 


Boiling-point 
(700 mm.). 

100*0° c. 
108-2*’ (h 
1.80*0° (k 
221 *0° (k 


Silicon Hydrocarbon, 

Me r Si.SiMe., 
Me^Si.Fh 
MeJSLRtPh 
Kt jSi ,Ph 


Boiling-point, 
(7(H) mm.). 
110-0° (k 
171 -0° (k 
198*0° (k 

2B8*o° c: 


The gratia l ion in melting-points and boiling-points in passing from 
silicon to lead, for some derivatives of the elements of Group IV., is 
shown in Table V.,of the Appendix. 

Tin and lead differ from silicon in forming divalent; and tervnlenfc 
compounds, and tin also forms hydrides of the type SnR n Il and SnK.JL. 
The tervalent compounds show true tervaleney in dilute solution only, 
for if the molecular weights by the freezing-point methods are carried 
out wit h increasing concentration of solute, association appears to take 
place*. 

The only ring compounds formed by tin and lead are of the type 



CH* till 
CII a CH 



a 


and those derivatives containing two atoms of the same metal are shown 
by 

H a M.MH a ; K a M(CU a ) ft MK a • U a Sii(t:iI a ) 10 SnR a 


Cases are also known in this group in which two different metals are 
present in tin* same compound : 


Me a Sn(ClK) s PbMe a ; 


Kt a 8U: 6 H 4 .l > bMe s ; 
Kt a Si , C 0.1 1 4 . A sPh a 


KtaSi.t^HfSuKtj,; 


1 Cavern, thw ww«, Vol v. (1917), p. 203, 

2 iiygcttn, lkr„ 1912, 45* 707, 
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Silicon. 


Most of the work carried out on this element is due to Kipping and his 
co-workers, and the investigations are a model of patience and persever- 
ance. Although many of the substances formed appear as glue-like 
products, an enormous mass of information regarding the organic 
compounds of this element has been collected together. The following 
system of nomenclature for organic silicon derivatives is due to 
Kipping : — 1 

The term silicane , used for silicon hydride, is maintained for 
analogous derivatives of CH 4 . The radicle SiH 3 is termed silicyl , and 
corresponds to CH 3 , e.g. SiPh 3 Cl, triphenylsilicyl chloride. Silicanol 
and silicanediol are used for hydroxy derivatives : 


SiHg.OH SiPh 3 OH SiH 2 (OH) 2 SiPh 2 (OH) 2 

Silicanol. Triphenylsilicanol. Silicanediol. Diphenylsilicanediol. 


The term silicone denotes analogues of ketones, e.g. SiEt 2 0, diethyl- 
silicone. Owing to the dissimilarity between the ethers and the corre- 

Si \ 

sponding silicon compounds containing V), the term oxide is 

Sr 


employed, thus : 


SiPh* 

SiPlv 


>0 


is known as triphenylsilicyloxide. 

The following names show how many molecules of silicanediol have 
condensed together, and how many molecules of water are eliminated in 
the process : — 


SiPh 2 OH 


SiPh s OH 


O 

SiPh 2 OH 

Anhydrobisdiphenylsilicanediol. 


o 

SiPh 2 

0 


SiPh 2 OH 

Dianhydrotrisdiphenylsilicanediol. 

In order to show how it is possible to pass from one type of aliphatic 
compound to another, the scheme shown on opposite page has been 
drawn up, using the ethyl derivatives as examples. 


Alkyl Derivatives of the Tyjie R 4 Si. 

Tetramethylsilicane, Si(CH 3 ) 4 .-This compound is obtained by 
heating together zinc dimethyl and silicon tetrachloride in a sealed 
1 Kipping, Trans. Ghem . Soc., 1912, ioi, 2106. 
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tube at 200° CD It boils at 30 to 31° C. and is a clear liquid, lighter 
than water. When treated with excess of methyl alcohol at 250'" i\ for 
lit teen hours, the methyl ether is obtained as a colourless liquid, H.pt . 
121 to 120 C. ; density 1*0580* In 1011 Hyijden - prepared trim- 
nud.hvlsilicane, usini>' silicon tetrachloride and magnesium methyl 
bromide, and found its boiling-point to be 20 to 27 (’. 

Tetraethylsilicane 3 may be prepared by heating silicon tetra- 
chloride and zinc diethyl at 100" for three hours ; 4 or by the interaction 
of silicon triethyl ethyl ether, zinc ethyl, and sodium, these yielding the 
hydride SiH.(C 2 H B ).,. This with bromine forms triethyl silicon bromide, 
and further action of zine ethyl and sodium at 150 C. produce tetraethyl- 
silieane. It may also he prepared by the Wurtz reaction/ 1 usim* silicon 
tetrachloride, sodium, and ethyl bromide* Tetraethylsilicane is a 
liquid, lighter than water, and it burns with a luminous (lame, leaving a 
deposit of silica* Its boiling-point is variously given as 152 to 151 (\/ 1 
and 151" to 153 C, 7 With chlorine it gives trietlivleblorcthvlsilicam*, 
(( , on 5 ).|Si.( , ,n, 1 ('h 

TctrapropylsiHcane H is obtained along with tripropvlsilh •anr by 
tin* action of zine propyl on silieochlorofonn {triehlorosilieaue j at 
121) to 150' U. The lower fraction is tripropylsilieane and the 
higher one letrapropylsilieane. Tin* reaction is probably represented 
thus : 


iiSilK'l., | |.Zu(e. t II 7 ) a SilI(C a Xl?)s 1 i nZul'U \ Zit . e,i 1 H 

I Ih‘ silieane may also he produced by t he interact ion of siliemi tetra- 
chloride, propyl iodide, amt zine at ISO ; 


SR'I, | l('.,U 7 l | tZn Ki(C.,U,), i ‘iZnCl., i 2Zul . 

letrapropylsilieane is a colourless, almost odourless oil, uhieh burns 
with a sooty flame, deposition silica ; it is soluble in alcohol or ether, and 
insoluble in water or concentrated sulphuric acid. It boils at a tit ; 
density <>-7S17!> at 0 0-78, S.'l at 15 (', It is not attacked by con- 

centrated sulphuric or nitric acids or by potassium hydroxide, but 
bromine on warming readily substitutes. The compound can be purified 
by the use of concentrated sulphuric acid, as was done in the ease of 
tetraethylsilicane." Removal of tripropvlsilienue and oxide is thus 
effected. 

Tctra-isoumyltiilicane 1,1 is obtained from silicon tetrachloride, 
sodium, and isoamyl chloride. An oily residue remains after distillm*' 
off the tef ra-isoumylsilieane. It is colourless, feebly Ihmreseent, boilin'*' 
between 800 and 870 ' and is found to be silicon tri-isoamyloxide. 
Tetra-isoamylsilienne is a colourless, odourless liquid, ll.pt , 275 to 
27 ‘.) and miscible with alcohol and ether in all proportions. 

1 Krh'th'l utul < Annul*- n % I 8 H 5 , 136, *3)3, 

% Hn\ % 11111 , 44 , 2 ( 140 . 

;i Fried**! and Draft#, Annul* n , I HtKJ, 137, 28 , 

1 Ladmiburg, Anrnthn, 1872 , 164, 3tm, 
u Kij>l*injuc and blnyii* Tmm. Vhm . .SW„ 79, 2011. 

'* Kriwicl nut! Drafts* Itm, rii, 

■ Luriciihurg, he. eit. 
n PajM% Annutm * 1884 , 222, 354. 

9 FrDdel and Draff 8, Ann. ithim* / 7 m/«„ 1835 , f |j s Hi, 

,u Ti«irki% Ben, HM 5 , 38, imi. 


ORGANOMETALLIC DERIVATIVES OF METALS OF GROUP IV. 251 


Alkyl Derivatives of the Type R 3 SiR'. 

Triethylsilicane, (C 8 H 5 ) s SiH.*— This is formed bv the interaction 
of /.me ethyl, sodium, and silicoheptyl ethyl ether. It is a colourless 
liquid, boiling at 107° C., and of density 0-7510 at 0° C. It is soluble 
in both aleohol and ether, but insoluble in water and in concentrated 
sulphuric acid. With luining sulphuric acid it reacts according to the 
equation : 

2Si Et.,1 1 -f 2S0 a = (Et. 3 Si) 2 0 +H,0 +2SO a 

With bromine it forms triethyl silicon bromide. 

Tripropylsilicane 1 2 is produced by heating one part of silicochloro- 
form (triehlorosilieane) and two parts of zinc propyl in a scaled tube at 
150“ C. for six hours: 

—Si 1IC1., -t-8ZnPr s 2SiI 1 Pr :! -fBZnCL 

The product obtained is a colourless oil. This is washed with water, 

I hen drill! over calcium chloride and fractionated. Tripropylsilicane 
dislils between 170" and 175° (’. ; the residue is tetrapropylsilicane. 

1 ripropy Isilieane is a colourless, pungent, fuming liipiid, and burns with 
a luminous, sooty llame. It boils at, 170" to 171° density 0-7723 at 
■h t ., 0-7021 at 15 C., and is dillieult to free from the tetrapropyl body. 
To prevent decomposition it. should be distilled in a stream of hydrogen. 
The compound is easily soluble in alcohol or ether, but insolublein water 
or concentrated sulphuric acid. With the latter, however, feeble oxida- 
tion occurs in the cold, with evolution of sulphur dioxide, and on warm- 
ing tripropylsilicon oxide is formed. 

Tri-isobutylsilicane may be prepared 3 by interaction of triehloro- 
silieane, isobutyl chloride, and sodium. It is a colourless, odourless 
liquid, IJ.pt. 201'" to 200" ('. 

Tri-isoamylsilicane has been prepared in the same way as the 
above, using isoamyl chloride. It is a feebly fuming liquid, IJ.pt. 215" C., 
soluble in aleohol or ether, and unattacked by water or potassium 
hydroxide. 

Trlmethylethylsilicane 4 is obtained by the action of methyl 
magnesium bromide on trichloroethysilicanc. The product is extracted 
with ether, washed with concentrated sulphuric acid, and on distillation 
boils between 02" and 70" the main portion distilling at (52-5° to 
03-5" V. 

Trl methyl -n - propylsilicane is prepared similarly to the above, 
using propyl triehlorosilieane. 

Trirnethyl-n-butylsilicane. It is lirst necessary to obtain 

n-bntyltrichlorosilicane by the action of n-butyl magnesium bromide 
on silicon tetrachloride. The product, boiling at. MV" to 151" (!., is a 
liquid, fuming in moist air, and when treated with methyl magnesium 
bromide, trimethyl-n-butylsilieanc is formed. IJ.pt. 115° ('.. 

Trimethyl-isobutylsilicane is dillieult to obtain, because the 
isobutyltriehlorosilicane is troublesome to prepare. The methyl 
(Jrignard reagent, gives trimethyl-isobutylsilicane, IJ.pt. 107-0° to 
108-2" 

1 Lmlcnimrg, Animlin, IS72, 164, 300 

;l Tmirkc, tin-., 1005, 38 , 1 ()(! 1 . 


8 I’h|h>, Ammlen, 1HK-1, 222 , 854. 
1 Bygd£-n, /fir., 10H, 44 , 2040. 


252 


ORGAN OMETALLIO COMPOUNDS. 


Trimethyl-isoamylsilicane is prepared as the above two com- 
pounds, the starting-point being isoamyltrichlorosilicane . 1 The body 
boils at 131° to 132° C. 

Triethylchloroethylsilicane, (C 2 H 5 ) 3 SiC 2 lI 4 Ci, may be obtained 
by 2 passing chlorine into tetraethyl si li cane in water ; hydrogen chloride 
is evolved, and a yellow oil separates. Two fractionations yield a 
liquid, B.pt. 185° C., in small quantity, which is triethylchloroethyl- 
silicane. 

Triethylacetoxyethyl silicane , (C 2 H 6 ) 3 SiC 2 H 4 .O.CO.CH a . The 

fraction, B.pt. 180° to 190° C., of the above triethylchloroethylsilicane 
when heated in a sealed tube with potassium acetate and alcohol for 
several hours at 180° C. yields a liquid, B.pt. 208° to 214° 0. It has a 
faint ethereal and acetic acid odour, burns with a luminous flame, and is 
found to be the acetate. 

Triethylhydroxyethylsilicane is produced from the above when it is 
treated with dilute alcoholic potassium hydroxide at 120° to 130° C., and 
has been proved to be a liquid of the composition (C Jl 5 ) ;J SiC 2 l I (1 OIl. 
It boils at about 190° C. and is insoluble in water. 

Triethyl-n-propylsilicane 3 is prepared in a similar manner to the 
corresponding trimethylsilicanes, using n-propyltrichlorosi lican e 4 and 
ethyl magnesium bromide. The compound boils between 172-8° and 
173*2° G. It is partly soluble in concentrated sulphuric acid, giving a 
product, B.pt. 160° to 225° G., and is therefore not homogeneous. 

Triethyl-n-butylsilicane is prepared 5 in the same manner as the 
above compound. It boils at 190-6° to 191-6° C. 

Triethyl -isobutylsilicane, prepared as above, boils at 187° to 
187-2° C., and triethyl -isoamylsilicane boils at 204*6° to 205*6° C. 

Alkyl 'Derivatives of the Type lUSiRV. 

Dimethyldiethylsilicane 6 is obtained from diethyl silicon chloride 
(24-5 grams), using 2 mols. of methyl magnesium iodide. The chief 
fraction, B.pt. 95° to 96° C., weighs 6 grams. 

Dimethyldipropylsilicane is prepared in the same manner as the 
above. It boils at 140° to 142° C. 

Alkyl Derivatives of the Type Il 2 SiR'It". 

Dimethylethyl -n-propyl -silicane. -™It is first necessary to obtain 
ethyl-n-propylsilicon chloride, which may be formed by one of two 
methods. (1) From ethyltrichlorosilieanc by replacing one chlorine 
with the propyl group. (2) From propyltriehlorosilicane by removing 
one chlorine and putting in an ethyl group. The latter method is 
utilised and the ethyl introduced by ethyl magnesium bromide, when 
five fractions are isolated. The one, B.pt. 152° to 154° 0., gives the 
best analysis. This fuming liquid, Et.Pr.SiCU, with methyl mag- 
nesium bromide gives the desired compound, B.pt. 120° to 122° C. 

Dimethylethyl -isobutylsilicane is prepared in a similar manner to 

1 Melser, Bar., 1908, 41 , 3392. 

2 Friedel and Crafts, AnnaUn, 1800, 138 , 19. 

2 Bygd 6 n, Ber., 1912, 45 , 707. 

4 Melser, Ber., 1908, 41 , 3390. 

s Bygd 6 n, be. cit. 

c Bygd<§n, Ber., 1911, 44 , 2040. 
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the above, using i sol >uty ltri ehlorosi li can e and ethyl magnesium bromide. 
The etlvyl-isobutyl silicon chloride thus formed, with methyl magnesium 
bromide gives a product, B.pt. 137° to 139° C. 


Alkyl Derivatives of the Type li a SiX. 

Triethylchlorosilicane, (G 2 lI r> ) a SiCl, is obtained 1 by the inter- 
action of silicon triethyl ethyl ether and acetyl chloride, thus : 

( C 2 1 T r> ) i ( X 1 o 1 1 r> ) C 1 1 ; }CO ( • 1 = ( C o 1 1 5 ) a Si C 1 4 - C H C 0 . 0 C < * 2 1 1 s 

This reaction requires a sealed tube and a temperature of 180° C. 
Triethylchlorosilicane boils at 143° to 145° C., has density at 0° C. 
0*9249, is only slowly decomposed by water, and with silver nitrate pre- 
cipitates silver chloride. Triethyl silieol is formed by the action of 
ammonia, and triethyl silicon oxide is produced with water. 

Triethylbromosilicane is formed by the action of bromine on 
triethylsilieane. It boils at 101° C., is slowly decomposed by water, 
and tiie bromine is easily replaced by hydroxyl by aqueous potassium 
hydroxide* or sodium carbonate. By treatment with zinc ethyl and 
sodium at 1 50 1 C, tetraethylsilieane is produced. 

Triethyl silicon acetate is formed when acetic anhydride is allowed 
to react with silicon triethyl ethyl ether in a sealed tube at 250° C. : 

(C 2 n 8 ) a sioc 2 n 6 -i (on :l co) 2 o- (c 2 i 1 5 ) u sio.co.ci i a i ci r.j.co.oc^ir^ 

Tripropylbromosilicane. 8 When 1 mol. of tripropylsilicanc 
is treated with 1 mob of bromine and cooled, hydrobromic acid is 
evolved. The reaction is allowed to finish on the water-bath and goes 
smoothly, giving a. good yield. On fractionation the product obtained 
is a yellow, fuming oil, B.pt. 213“ (\, which decomposes slowly in the air, 
evolving hydrobromic acid. With water it slowly changes, while 
aqueous ammonia completely converts it to tripropyl silieol, B.pt. 
205“ to 208“ and a little tripropylsilieon oxide. 

Tripropyl silicon acetate is obtained from the bromide by the 
action of dry silver acetate, cooling laving necessary from time to time ; 

Pr.jSiBr | AgCJl^L Pr u SL0 J I u (') 2 + AgBr 

The body is a colourless oil, B.pt. 212“ to 210“ C., slowly changing in 
air to 1 ripropylsilicol and acetic acid. 

Tri-isobutylbromosilicane a is prepared by the bromination of 
t rbisobul vlsilicaue. It is a yellow, fuming liquid, heavier than water, 
B.pt. 245“ C. 

Tri-isoamylbromosilieane, obtained in the above manner, boils 
at 278“ to 280 (A, and has similar properties to the preceding body. 

Alkyl Derivatives of the Type R a SiX*. 

Diethyl silicon dichloride was prepared by Laden burg 4 by treating 
silicon diethyl ether with benzoyl chloride at 250“ (!. The body is iden- 
tical with that obtained by the action of hydrogen iodide on silicon 

1 LiuLnlmrg, Anmltm f 1872 , 164, , 100 . 
a PajM*, Anmthn, 18 H 4 » 222, 354 . 

» Taurkc, /frr., IttO 5 , 38, RMI, 

4 Laden burg, lor, cU, 
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diethyl ether, or by using ethyl magnesium bromide and silicon tetra- 
chloride. 1 ^ The separation of the compound is, however, ditlieult, owing 
to iormation oi the three ehloro-derivatives, whose boiling-points lie 
\ f ery close together. Diethyl silicon eldoride is a colourless 1 i< j u i< D 
i'umino* in air and boil i no* at 128° to 180 0. With water it yields diethyl 
silicone, (CJLJ.SiO, which is a syrupy body, easily soluble in ether, 
but difficultly soluble in alcohol. This silicone polymerises, «»i \ i 1 1 g a 
compound of high molecular weight. 

Dibromoethyl silicon dichloride, (nUJr.ni 2 ) 2 Si('L is produced 
by heating together a mixture of two molecular proportions of ethylene 
bromide with 1 mol. ot silicon tetrachloride dissolved in ether, and 
lour molecular proportions of sodium and a little ethyl acetate. The 
product, is a dark brown oil." Doubt has recently been expressed as to 
the existence of this compound/ 1 


Alkyl Derivatives of the Type US iX ; , 

Ethyl silicon trichloride, (\H r ,Si(1 a , is prepared from silicon 
ethyl triethyl ester and benzoyl chloride by heating them in a sealed 
tube at 800 u (V* 

SiKt(<)Kt)„ | 8l > h( , (K , l Kt-SUT, | nPhCOOKt, 

1 he liquid, H.pt, about 100 th, fumes considerably in moist air, 
and with water gives silieopropionie acid and hydrogen chloride, The 
trichloride has also been obtained from silicon tetrachloride, using the 
ethyl (irignard reagent;. 5 It is a pale yellow, fuming liquid. It, of, 0? ' 

Propyl silicon trichloride 5 is formed by the action of pmpvl 
magnesium bromide on silicon tetrachloride, and is a clear, colourless 
liquid, H.pt. ! 28 to 125 ('. In preparing the chloride all traces of 
moisture must be absent. It has a penetrating odour and fumes in 
the air. By allowing the liquid to drop into ice-water. the acid, PrSiO. 
(HI, is obtained, and with anhydrous alcohol the trichloride gives 
silicon propyl triethyl ester. PrSi(OKt ) a . 

I seamy 1 silicon trichloride is produced in a similar manner to the 
alove, and is a colourless, transparent, fuming liquid with a penetrating 
odour. It boils at 40 n ('. at 8 mm., and has a density of HWO, Its 
reactions are the same as the propyl compound. 


A iky l Derivative of the Types tt a St(OH) amt H ;i Si(OK). 

Triethylsilicol, (V a II 5 ) a Si.()II, is isolated* by treating trietlivl 
silicon acetate with sodium carbonate solution: 

2((ui f) ). 1 sio.(:o.eii. r i n»x*o ; , i u 2 o a(c a ii») 3 si.on i 2 Nuo.co.ch, 

> co'_, 

1 Mnrtlii and Kipping, Trims, (%-m, Sor. t 1000, 0O2 

“ tf uil, ,/nfm shi r. % 1880 , p. |0.|2, 
u WalilttWHon, ./. ('torn. Sor., 1020, p. 0,*,s. 

4 Imdealmrg, An unit it, 1872, 164,200. 
fi Kipping, Trims, Ohrm, Sor., 1007 , 91, 200, 

* Mauser. Hn\, 1008, 41, 2,100, 

? I.adcnburg, tor , n’t. 
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It may also bo prepared by the action of aqueous ammonia on 
tri et h y 1 silicon ch lor i <1 e : 

(C u II' 6 ) a SiCl bNH\,+H 2 0™(C 2 lI 5 ) a Si.0H+NH. t Cl 

Another method of preparation consists in heating silicon tri ethyl 
ethyl ether with concentrated sulphuric acid and precipitating the pro- 
duct; with water. The silicol is a colourless liquid with a strong camphor- 
like odour, B.pt. IS l. u C., density 0*8700 at 0° insoluble in water, but 
miscible with ether or alcohol. It burns with a dazzling Ihune, leaving 
a deposit of silica. If heated with sodium, hydrogen is evolved, 
and when carbon dioxide is passed into the ethereal solution and the 
solvent then evaporated, the sodium salt of tri ethyl silicon carboxylic* 
acid, (C,J 1 fi ) n SiC()ONa, is left. The following represent, further reactions 
of triethyl silicol : 

(CJI r ,) u Si()lI | SO u (\>Il 5 Si().OIi I -2C a H 4 + II 8 +SO a 

( Norrihaumin Hulphuno 
acid.) 

(0 s i i 8 > 8 si.ou m, ii.pt. t 27° c. ^ y..i r 8 ) 2 sio + c s n 8 

At. 200" 0. 


2(C 2 ll 8 ).,Si.()II G°° v [a' 8 H 8 ) 8 Si] 2 ()+n s O 

Silicon triethyl ethyl ether or Silicoheptyl ethyl ether, (C.JI 5 ), { 
Si(0(yy, is obtained 1 by tin* intera<‘tion of zinc ethyl, sodium, and 
silicon diethyl diethyl ether, (F/I r J a Si(0.(y I^, It is a colourless 
liquid, B.pl. 1 58 (\, density 0*81*1 K 0 8808, 0*8108 at 0" C., insolubles in 
water, miscible with alcohol or ether, and stable in air. Acetyl chloride 
aeding on the compound gives rise to tri ethyl silicon chloride. 

Tripropylsilieol, ((TI/Tl/II/.jSiOli,- may l>e prepared in two 
ways : 

1 . From tripropyl silicon acetate by long boiling with 80 per cent. 
sodium carbonate only gives a small yield, a contrast to the formation 
of triethylsilieol. The poor yield is probably owing to the following 
reaction taking place : 

L\Si(<yi 7 ), t O.UO,ni ;{ | Nn/T), SuO(Cyi 7 ) (J 1 2Na().C().CH n bOOjj 

2. When tripropyl silicon bromide is treated with aqueous ammonia 
the following two reactions occur simultaneously, so that the yield is 
lit tie bet ter : 

(<yi 7 ) 3 SiBr 1 NIL, -|- -11*0 Si((yi 7 )/)II t NH ,Br 
2((\,II 7 ) H 8iIir-|'2Nn a | II/) Si/)(U u II 7 ) n 1 SNII/Jr 

Tri propyl silicol is a colourless, fuming oil, and is glycerine-like in 
consistency. It is lighter than water and insoluble in it. It dissolves 
in alcohol or ether and has a boiling-point of 200" to 208" ('. When 
warmed with sodium, hydrogen is easily evolved and an amorphous 
mass remains, which is no doubt the alcohalatt\ since on warming with 
water the silicol is regenerated together with sodium hydroxide, 

1 LtMLnbarM, km. fit. 

3 Phjks Atmulm, 1881, 222 , 854. 
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Tri-isoamylsilicol, (CgH^^SiOH, 1 is formed by the action of 
aqueous ammonia on tri-isoamyl silicon bromide : 

(C 5 H 11 ) 3 SiBr+NH 4 OH=(C 5 H 11 ) 3 SiOH+NH 4 Br 

It boils at 269° to 270° C., has a penetrating smell, and is lighter than 
water. Metallic sodium dissolves in it with hydrogen evolution, prob- 
ably forming the sodium derivative (C 5 H n ) 3 SiONa. 


Alkyl Derivatives of the Types R 2 Si(OR ) 2 and R 2 Si(OR).Hal. 

Silicon diethyl diethyl ether, (C 2 H 5 ) 2 Si(OC 2 H 5 ) 2 , is obtained by 
allowing silicon tetraethyl ester, Si(OC 2 H 5 ) 4 , to interact with sodium and 
zinc ethyl . 2 The ether produced is a colourless, fuming liquid, B.pt. 
155*8° C. ; density at 0° C. 0*8752. It is stable in air, insoluble in water, 
soluble in ether or alcohol, and unattacked by ammonia. 

Diethylchl orosilicon ethyl ether, (C 2 H 5 ) 2 Si(OC 2 H 5 )CI, is pre- 
pared from the above by the action of acetyl chloride. It boils at 146° 
to 148° C. and burns with a green flame, leaving a residue of silica. 


Alkyl Derivatives of the Type RSi.(OR) 3 . 

Methyl tri ethoxy silicon or Orthosilicoacetic acid triethyl ester, 

CH 3 Si(OC 2 H 5 ) 3 , 3 is formed by the interaction of tetraethoxysilicon, 
Si(OC 2 I-I 5 ) 4 , 15 grams, and 10 grams of zinc methyl at 120° C., then 
300° C. The tubes are opened occasionally to allow escape of gases. 
It is a liquid, B.pt. 146° to 151° C., density at 0° C. 0*9283, and is 
insoluble in water. With ammonia or heating with hydrogen iodide, 
methyl monosilieic acid, CH 3 SiO,OH, is formed. 

Ethyl trimethoxy silicon, C 2 H 5 Si(OCIT 3 ) 3 , is prepared from tctra- 
methoxy silicon, zinc ethyl, and sodium. It is a liquid, B.pt. 125° to 
126° C., density at 0° C. 0*9747. 

Ethyl triethoxy silicon, C 2 H 5 Si(OC 2 H ) 3 , is isolated in the above 
manner from tetraethoxysilicon. 4 Another method of preparation is 
from triethoxysilicon chloride, using sodium and zinc ethyl. The 
reaction mixture gives a colourless liquid with a camphor-like odour, 
B.pt. 158*5° C., density at 0°C. 0*9207 ; it is insoluble in water, but 
miscible with alcohol and ether. It is not completely decomposed by 
alcoholic potassium hydroxide or ammonium hydroxide, but is broken 
up by concentrated sulphuric acid. 5 

Propyl triethoxy silicon or Ethyl orthosilico -butyrate, C 3 II 7 Si 
(OC 2 H 5 ) 3 , 6 is formed from propylsilicon trichloride by the use of 
absolute alcohol, and is a colourless liquid with an aromatic odour, 
B.pt. 177° to 179° C,, density at 0° C. 0*8945. 

Isoamyl triethoxy silicon is produced in the same manner as the 
above compound from isoamylsilicon trichloride. The liquid is pleasant 
smelling and boils at 195° to 200° C., density at 0° C. 0*9318. 

1 Taurke, Ber., 1905, 38 , 1661. 

2 Ladenburg, Annalen , 1872, 164 , 300. 

3 Ladenburg, Annalen , 1874, 173 , 148; Ber., 1873, 6 , 1029. 

4 Ladenburg, Annalen , 1872, 164 , 300. 

5 Friedel and Ladenburg, Annalen , 1871, 159 , 259 

6 Melzer, Ber., 1908, 41 , 3391. 
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Alkyl Derivative, of the Type Si(OR) s Hal. 

ChlorotrlethoxysiHcon, SiCI(OC s H 6 ) 8 .i_This is prepared accord- 
mg to the lollowmg equations:—- 


U Si(()C s ir 6 ), | CI I .,C()C1 = ~SiCI(OC 2 H B ) 3 +CH.jCOOC.,Hr 
2. SiCI 4 4-3Si (OCjI Ij )., lSiCl(OCJI s ), 

»• SiCl , | :jCJI 5 On SiCl(OC,ll 8 ),+8HCl 

Tlu ‘ Just reaction requires absolute alcohol, and a sealed tube at 1(50° 
C. for several hours. 

The compound is a liquid, IS.pt. 150° C. With sodium ethyl it lorms 
cthyllrief hoxysilieon ; 


Si(’l(OC a ! 1 f,) ; , | NaCjjl 1 5 NaCl +C a H 8 Si (OC 3 l I 5 ) 3 

Alkyl Derivatives of the Type (R a Si) a O. 

Triethyl silicon oxide or Bis-(triethylmonosilyl)-ether, f (C a ir 6 ), 
Si|d), may la- prepared by several methods, 2 and the reactions arc 
represented by the following equations: 

1. *-*(r s ii 6 ) a si((H! 8 n,) •1-2111 (e a n R ). t si o-si(c,ir,), 

+2C.,lL ) I+II. ) 0 

a. •2(('ji 6 ),,si(oii) !*•/)» > [((i 8 n 8 ) 8 si] a <)-i ii 2 o 

ii. 2(f 8 II 8 ) 8 Si()0 # II 8 | ll a 8<),, 1 (Cj.il 6 ):,Si] a O -{ 2t'„I I s llSO , +11 2 0 

(fuming) 

4, 2(CUI r /) n Si(’l I 2KO II [((^n f) ) ;j Si| 2 0 I 2KC1 | II/) 

(aqueous) 

It is also obtained from bi.s-(trichIoromonosUyl)-ether, Cl :t Si O — SiCI 3 , 
by the net ion of zine et hy l : a 

SUV> | :iZu(C 8 !I 8 ) it [(C a II 8 ) 8 KiJ B () 1 azn('l a 

One molecule of silicon oxychloride is treated with the theoretical 
quantity (:$ mols. ) of zinc ethyl in a sealed tube at 180° (•. for a 
prolonged period. The zinc ethyl disappears, and after treating the 
produet with concent rated sulphuric acid an oil is obtained, which after 
washing and drying gives a main fraction distilling between 2*40° and 
235 (\ This is purified by several further fractionations and gives an 
analysis for triethyl silicon oxide. The compound is a colourless syrup, 
B.pt. 2.41 * density at O’* 0-8590. It is soluble in concentrated 

sulphuric acid, and may be precipitated unchanged by the addition of 
water. 

Tripropyl silicon oxide or Bis-(tripropylmonosilyl) -ether, 

f(C 8 H 7 )j # Sij 2 (), is prepared from tripropylsilicane by the action’ of fuming 
sulphuric acid. The product is poured into well cooled water, when a 
yellowish oil separates, which is taken up with ether and dried over 
calcium chloride . 4 The oxide is also produced as a by-product from 

* Kriedel and bmlmtfmrg, 1870,3* 15; Anmtlm, 1871, 159 . 259 . 
s Liw!i*ii!mrg* Annahn % 1872* 164 , 3(H), 

9 Krirdrl and badt-nlmrg, A mmU n % 1808, 147 * 555* 

* rnjH» F Anna ten * 1 88 b 222, 354, 

VOL, XL : I, 


17 
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tripropylsilicon bromide, when preparing the silicol with ammonia. 
It is formed along with the silicol when tripropyl silicon acetate is 
acted on with aqueous sodium hydroxide. The oxide is a yellow, almost 
odourless oil, soluble in alcohol or ether, and boils between 280° and 
290° C. 

Tri-isoamyl silicon oxide, [(CgH-Q^Si^O, is produced 1 in the 
preparation of tetra-isoamylsilicane from silicon tetrachloride, sodium, 
and isoamyl chloride. It is contained in the oily residue which distils 
at 360° to 370° C. It has a glycerine-like consistency and is feebly 
fluorescent. 


Alkyl Derivatives of the Type R 2 SiO. 

Diethylsilicone or Diethylsilicon oxide, (C 2 H 5 ) 2 SiO, is formed 
from silicon diethyl diethyl ether, which must first be converted into the 
dichloride, for which purpose benzoyl chloride is used at 250° C. With 
water the silicone is formed : 

(C 2 H 5 ) 2 SiCl 2 +H 2 0 = (C 2 H 5 ) 2 SiO+2HCl 

Martin and Kipping 2 prepared diethyl silicon dichloride in order 
to see if when decomposed with water a hydrol, (C 2 H 5 ) 2 Si(OH) 2 , was 
formed, corresponding to dibenzylsilicanediol. It was found, however, 
that the silicone, (C 2 II 5 ) 2 SiO, was formed, which then polymerised, 
giving a compound with a high molecular weight; the body was not 
analogous to the corresponding ketone. 3 The oxide is a syrup, insoluble 
in water, sparingly soluble in alcohol and easily soluble in ether. It does 
not solidify at — 15° C., and distils below 300° C. without decomposition. 


Alkyl Derivatives of the Type R.SiO.OH. 

Methylsiliconic acid or Silico-acetic acid, CH 3 .SiO.OTI.— This 
compound is obtained 4 in the following manner : Tetraethoxysilicon, 
15 grams, and 10 grams of zinc methyl are heated in a sealed tube to 
120 C., opening the tube at various intervals to allow escape of gases. 
The final heating should reach 300° C., and the liquid is then fraction- 
ated. Methyl triethoxy silicon or orthosilicoaeetic acid triethvl ester 
B.pt. 146° to 151° C., is thus formed : 


Si(OC 2 H 6 ) 4 +Zn(CH 3 ) 2 =CH 3 Si(OC 2 H 5 ) 3 +ZnCH 3 (OC 2 H 6 ) 

This is then decomposed by aqueous ammonia or by boiling with 
hydrogen iodide, B.pt. 127° C., giving methylsiliconic acid, which is a 
white, amorphous powder, leaving a residue of silica when burned. 

Ethylsiliconic acid or Silico -propionic acid is obtained from 
ethyl triethoxy sdicon 5 using benzoyl chloride at 300° C. : 


SiC 2 H 5 (OC 2 H 5 ) 3 +3C 6 H 6 COCl=C 2 H 5 SiCl 3 +3C e H 5 COOC 2 H 6 

The trichloride is decomposed by water, giving the acid and hydrogen 

1 Taurke, Ber . 1905, 38, 1661. 

2 Martin and Kipping, Trans. Chem . Soc., 1909, 95, 302 
Robison and Kipping, Trans. Chem. Soq., 1908, 93, 43a 
Ladenburg, Annalen, 1874, 173, 143^ 

6 Ladenburg, ibid., 1872, 164, 300. 
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chloride. Ethyl tri ethoxy silicon or ethyl trimethoxy silicon with hydro- 
gen iodide or aqueous ammonia yields ethyl si [iconic acid : x 

C J 1 5 Si (( )CJ I 5 ) u +3HI C 2 H 5 .SiO.OH +3C 2 H 5 I +H 2 0 

This equation represents the most convenient method of preparation . 2 
It may also be isolated when Nordhausen sulphuric acid reacts with 
trie thy Isilieol : 

(tUT 5 ) a Si (01 1 ) + S0 8 «C 2 H 5 SiO.OH +2C 2 H 4 +H 2 +SO a 

The acid is an amorphous powder. 

Propylsiliconic acid or Silico-butyric acid is produced by allow- 
ing propylsilieon trichloride to drop into ice-water . 8 It is insoluble in 
the usual solvents, and is a, hard, solid mass, which can he ground into 
a powder which is infusible. 

Lsoamylsiliconie acid or Silico-hexoic acid is prepared in the 
same way as the above body. 1 1 is a hard, brittle solid, with no definite 
melting-point, and is easily soluble in alcoholic potassium hydroxide, 
ether, benzene, or chloroform, but is sparingly soluble in alcohol. 

Alkyl Derivatives of the Type R a Si SiR a . 

Ilexamethylsilicoethane 4 is formed from silicon hexaehloride, 
Si./’hj, by methyl magnesium bromide. It boils at 112° to 114° (!„ 
IlexaethylsiUcoetlvane 5 is prepared by the interaction of silicon, 
hexa-iodide and zinc diethyl. It is a liquid, ii.pt. 250° to 253° (!., having 
a density of 0*8510 at 0° ('. and 0-8408 at 20 n C. 

Aromatic Derivatives . 

"Fable I. on next page* shows the modes of passing from one compound 
to another, using the phenyl derivatives as examples. 

Table 1 1 . shows the condensation products obtained from diphenyl - 
silieanediol , and similar compounds are obtained from dibenzylsili- 
eanedioh 


Aryl Derivatives of the Type lt 4 Si. 

Tetraphenylsilicane, (C 0 H 5 ) 4 SL (I This is prepared according to 
the equation, 

SiCll, | 'U'dII^OI | 8 Na Hi(C^I 5 ) 4 (KNaCl 

in the following manner. Sodium granules, 20 grams, are slowly added 
to 20 grams of silicon tetrachloride, 50*2 grains of chlorobenzene and a 
little ethyl acetate in anhydrous ether. It is necessary to cool during the 
reaction, and after shaking several hours the deep blue powder is filtered 
oft and washed with dry ether. Four-fifths of the filtrate is then 
distilled off, and a white, crystalline powder obtained, which after 

1 hndenburg* I hr , , 1872, 5, 1081. 

8 ha* leu burg,* Ann, I*harm t% 1872, 164, 200. 

:l Met zm\ /h r., 1908, 41, XM). 

4 Bygd/m, th r. t 1.912, 45. 797, 

s FrituH uml Baden burg, A tin. t /him , Phyx, f 1889, |5j, 19 , 401 ; A nnalm f 1889, 203 , 
251. 

• Pol is, Hen, 1885, 18, 1540. 


Table 
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washing with hot water and drying is crystallised from benzene. 1 
The compound belongs to the tetragonal system. It melts .at 233° 
C., and boils without decomposition above 530° C. It has a density 
of 1*078 at 20° C. In the above preparation of silicon tetraphenyl 
a by-product is produced in small quantities, 2 M.pt. 148° C., and 
this is triphenylsilicol, identical no doubt with that from the 
decomposition of triphenylchlorosilicane with water, M.pt. 139° to 
141° C. 3 r 

Tetra-p-tolylsilicane, Si(C 6 H 4 CH 3 ) 4 , is produced in the same way 
as silicon tetraphenyl, but using p-bromotoluene. It forms colourless, 
transparent crystals, M.pt. 228° C., density 1*0793 at 20° C., readily 
soluble in hot benzene and sparingly soluble in chloroform or ether. 

Tetra-m-tolylsilicane is similarly prepared from m-bromotoluene. 3 * * 
It forms long prisms, M.pt. 150*8° C., density 1*1188 at 20° C. 

Tetrabenzylsilicane is prepared by using benzyl chloride. The 
reaction is not so vigorous as with chlorobenzene, and after some time 
the product is warmed on a water-bath before filtering. After washing 
the residue with dry ether and distilling off the latter, a fuming oil 
remains, which when treated with ligroin yields a white, crystalline 
powder. This is recrystallised from warm ether and melts at 127*5° C. 
It is easily soluble in benzene or chloroform, fairly soluble in warm 
ether, but sparingly soluble in alcohol. The yield is not so good as in 
the case of the preceding compounds, dibenzyl being produced, and 
probably a benzyl silicon chloride, B.pt. 160° to 180° C. Tetrabenzyl- 
silicane distils unchanged above 550° C. 

Tetranitrophenylsilicane 3 is prepared by nitrating silicon tetra- 
phenyl. Ten parts of this compound are cooled in ice and salt mixture 
and 60 parts of fuming nitric acid with 80 parts of concentrated sul- 
phuric acid slowly added in small quantities. The product is filtered 
through glass-wool, then poured into a large volume of water while 
stirring. A snow-white precipitate is formed which is dried in the air 
at^room temperature. When dry it is a pale yellow compound, M.pt. 
93 to 105 C., easily soluble in benzene, chloroform, or hot acetic acid 
and insoluble in alcohol or light petroleum. It explodes above its 
melting-point. 

4 * s P re P are d by the action of magnesium 
on tn P^ en y ls ilicon chloride, and heating the product at 

mdts ater toTrSc' 8 ' K iS reCrystalIised from petroleum ether and 


P ^ en 7 ltrimeth y lsilicane 5 1S obtained from phenyl silicon tri- 
h Ll n }o T n Ctl T ^ * With methyl ma £ nes ium bromide, and boils at 

liquid, with » 


Benzyl trimethylsilicane occurs from the interaction of benzvl- 
tnchJorosdicane and methyl magnesium bromide. It boils at 191-2° to 

t v lsomenc with ph eny Idimethy 1 etliy lsilican e and is a colour- 

less liquid, having a strong odour resembling anisole. 6 


1 Polis, Ber 1886, 19, 1012. 

I Kipping and L1 °y d > Proc - Soc., 1899, 15, 174; Trans. Clem. Soc., 1901, 79 

3 Polis, be. cit. 

l ^ ars _^ en and Kipping, Trans. Chem. JSoc., 1908, 03, 198 

6 Bygddn, Ber., 1912, 45, 707. 
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Triphenylethylsilicane is formed by the action of zinc ethyl on 
triphenylsilicon bromide. 1 Two products are formed, triphenylethyl- 
silicane and tri pheny Isi li can e ; the first is soluble in cold acetone, and 
the second soluble only with difficulty. Triphenylethylsilicane forms 
plates, M.pt. 72° to 74° CL 2 It may also be prepared from triphenyl- 
silicon chloride, using excess of ethyl magnesium bromide. 3 

Phenyltriethylsilicane 4 is produced when phenylsilicon trichloride 
and zinc, ethyl, in equal quantities, are heated in a sealed tube for one 
hour at 150° C. The gas pressure in the tube is then released and the 
heating continued at 100° (L and finally at 165° C. After treating 
the product with water, and then hydrochloric acid, an oil is formed 
which is taken up in ether, washed, dried, and distilled. The product, 
ll.pt. 230“ C., is phenyltriethylsilicane, a colourless, faintly fuming liquid, 
soluble in ether and insoluble in water. It burns with a sooty llame and 
has a density of 0*0012 at 0° 0. Diphenyldiethylsilieane, B.pt. 805° 
to *21 5° (L, is formed as a by-product: 

asi((J s u # ) 8 (0,H,)-(c # ir 5 )^i((^ii 5 ) 1 -hSi(c s ir 8 ) 1 

Phenyltriethylsilicane {jives the following reactions : — r> 

J. C (i n 6 Si(C,Il 6 ). t I-IINO., C,M 4 N0,.Si(C t U 6 ) 3 +ir 1 0 
2 . o,ir y si(c 4 H 5 ) 8 1 H*so, ■c,ir 1 irs« s .si(o a ii 6 ) 3 -i ir„o 
». c,ir # si(c a ir,) s t ir,so 4 (c a ii r) ) s sioir+c # ii 5 .so !i ii 

H oft, 

4. C fl H 5 Si(C a II 5 )a ,C e lI 4 aSi(C a II B ) 3 +IICl 

The above chlorine substitution product; (4) boils at 200° to 205° C., 
density 1*01 85 at 0“ CL, is insoluble in water, has a faintly aromatic odour, 
and burns with a green flame, leaving a deposit of silica. 0 

DiphenyUUmethylvSilieane is obtained by acting upon dichloro- 
diphonylsilieune with an excess of magnesium methyl iodide*. It boils 
at 1 70''* to 178 11 CL at *15 mm. 7 

p-Bromophcnyltriethylsilicanc 8 is formed from ethyl magnesium 
bromide and p-bromophenyl silicon trichloride. It boils at. 149“ (L at 
14 nut),, and has a density of I * 1042 at 21“ CL The magnesium com- 
pound of tin* silicone reacts with acetaldehyde and higher aldehydes to 
form derivatives of the type Si((\JI ft ) r (\,n 4 .(iIH.On (sec Appendix, 
Table VU)d* 

p-ChlorophcnyltrlethylsHIcanc 10 is prepared as above. It is a 
colourless, faintly fuming oil, B.pt. 127“ CL at 14*5 mm. ; density 0*9971 
at 18“ CL 

I Ladenburg, Bm, 1907, 40, 2274. 

8 Marnden and Kipping, Tmnn. (them. Mac,, 1908, 93, 198. 

8 Marndfii and Kipping denerihed the compound an forming rhoiuboidal prinniH, M.pt,. 
70“ hoI tibia in other, chloroform, Inur/ene, ethyl acetate, aeefono, or light jietroleum, 
moderately Holnblo in alcohol and in&oltible in water. 

4 Frieiiel and Ladenbarg* Annakn, IH71, 159, 259. 

6 Ladenlmrg, Antmkn, 1874, 173, 100, 

4 Bygden (Iter,, 1912, 45, 707) obtained phenylirietliylttUieime from phenylmlieon 
triehlorido and 4*2 moln. of ethyl magnemum bromide, and found its boiling point. to lie 
between 238*2“ and 238*4“ 0. 

7 Kipping, «/, (them, Mm., 1927, p. 104. 

II Griltfner mid Ermine* Iter,, 1917, $0, 1559, 

u Oriittnor and Cauer, Her., 1918* 51, 1283, 

10 By&den, he. ciL 
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p-Iodophenyltriethylsilicane is formed from the magnesium 
compound of p-bromophenyltriethylsilicane, (C 2 H 5 ) s Si.C 6 H,.MgBr, by 
the action of iodine. It boils at 165° C. at 13 mm. ; density 1-3342 
at 16° C. “ 

p-Chlorophenyltri-n-propylsilicane is obtained from p-chloro- 
phenylsihcon trichloride and n-propyl magnesium chloride. It is an oil 
with a faint odour, B.pt. 160° C. at 14 mm. ; density 0-9663 at 14° C. 

The refractivities of the above compounds are shown in Table VI. 
of the Appendix. 

Phenyldimethylethylsilicane , (CH 3 ) 2 (€ 2 H 5 )(C 6 H 5 )Si, 1 is best pre- 
pare from phenylethylsilicon dichloride, which is obtained according 
to the equation : 

C 2 H 5 SiCl 3 +C 6 H 5 MgBr = (C 2 H s )(C 6 H 5 )SiCl 2 -j-MgCIBr 

(1 mol.) (M mol.) 

By the action of methyl magnesium bromide on the above dichloride, 
the desired siheane is produced, B.pt. 197-6° to 198-6° C. The product 
is not quite pure. 1 

BenzyiethyldipropylsiHcane 2 is obtained from benzylethyl- 
hnlk^foeo? ° n ^ by th , e a< ; tl0n of magnesium propyl bromide. It 

heriTvlpth 13 ' ail< ? a eo ^ our ^ ss = mobile liquid. It is converted into 
beiizylethyldipropylsilieane sulphome acid, (C 2 H s )(C 3 H 7 ) 2 .Si.CH 2 .C e H 4 . 

SO ? H. by chlorosulphomc acid in chloroform solution. The l-menthvl- 

“ salt ’. Sl - C2 H 5 (C 3 H 7 ) 2 CH 2 .C 6 H 4 SO 3 H.C 10 H 19 NH 2 , prepared from 

S’TEST Si al > if a t f lou f ss r «Kd. Thecinchonidine silt melts S 

IS melfr at^222^ t^^A^r^Tni a D Fi? cinchonid ™ hydrogen 

ff t0 ^C. The quinine salt has a melting-point of 

to 924 °’ c Vfc 1 / _11 i' 3 r The quinine hydrogen salt melts at 223° 

very similar^ Z ™ thylamine » cmchomdine, and quinine salts are 
very similar to the corresponding salts of dl-benzylmethvlethvl- 
propylsihcane sulphome acid, which seems to point to the fact that 
the latter are merely mixtures of their opticallv isomeric components 
Dibenzylethylpropylsilicane 2 is prepared by the interaction of 
b enzylethylpropy lsiheon chloride and magnesium benzyl chloride The 
body is easily acted on by ehlorosulphonic acid, like Si si£n hydro! 
carbons containing a benzyl group. Sulphonation under stable 

disu^ioni^^c^r'Diiimzyk^y^ropylsilican^ls^a^olourless^liquid 8 ^ 

C < H,CH,.Si.C ! H,.C s H,.CH ! .CJ[ i .SO,H.C 10 H„NH ! .2H,O 

e ivi ”S >PPar«,l y P bi«3 SUlphU,iC 

l Bygden, Ber., 1912, 45, 707. 

93 ,m arSden “ d K!pping ’ Proc - CUm - Soc., 1908, 24 , 12; Trans. OU m . Sac., 1908, 
l Challenger and Kipping, Trans. Chem. Soc., 1910, 07 142 
Kipping, P, oc . Chen. Soc., 1905, ax, 65 , Tran^blL L, 1907, 9 x, 209. 
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Phenylbenzylethylpropylsilicane is prepared by the action of the 
benzyl Grignard reagent on phenylet hylpropylsilieon chloride. The com- 
pound is a colourless, highly refractive liquid, lighter than water, B.pt. 
2‘U)° to 251 u C. at 100 mm., and is readily decomposed by sulphuric acid, 
giving benzene and henzylethylpropylsiiieol or the corresponding ether, 
(Si.C J 1 5 .C a H 7 .C ( 5 l I B CI 1 g ) 3 0. When this decomposition product of 
phcnylluiizylcthyipropylsilicane is heated with sulphuric acid it 
undergoes sulphonation, but only one acid of the several formed has 
been separated. It seems to have the composition 

wSi.C g lI B .C B II 7 .0ILCH a .G 6 H 4 .S0 3 H 

Benzylmethylethylpropylsilicane is prepared in the same way 
as the corresponding phenyl compound, using methyl magnesium iodide 
and benzylethylpropyl silicon chloride . 1 It is a mobile liquid, .B.pt. 177° 
C. at 100 mm. Sulphuric acid at 130° C. sulphonatcs the body, forming 
a mixture of acids, two of which have been separated in the form of their 
Irinenthylamhie Kalla, Analysis apparently points to one being derived 
from benzylethylpropylsilieolsulphonic acid, and therefore its formula is 

C 2 H II 7 .Si (0 II ).C I l a C (l I I i*S().jI 1 .0 i () 1 1 10 N I L 

Being only produced in small quantity, it has not been very thoroughly 
investigated. The salt crystallises in prisms, ftl.pt. 210 '' to 212 ° C. 
The second bmenthylaniine Kali has the composition, 

and can be more readily formed by sulphonation ofben'/ylmethylethyl- 
propylsilieane with ehlorosulphonie acid. It crystallises with 2 mols. 
of water of crystallisation from wet petroleum ether, and the dehy- 
drated salt melts at 122 %f V. The l-menthylamine, quinine , einchoni - 
dint\ einehonine , nareoline , an<l several other salts of the above dl- 
silieane sulphonie acid have been fractionally crystallised under different 
conditions, but no indication of resolution of the acid has been observed. 

Benzylethylpropylisobutylsilieane 2 is obtained from benzyl- 
ethylpropylsilieon chloride by isobutyl magnesium bromide, and is a 
colourless liquid resembling a hydrocarbon, B.pt. 282” to 283" V, It 
is sulphonatcd by ehlorosulphonie acid, as in the cast* of the previous 
compound containing more closely related groups, and the Umenthyl - 
amine .salt obtained. After fractionally crystallising this it cannot be 
resolved* Several other salts have been made using active bases. The 
extreme fractions of the hydrogen salts of quinine , cinchonine, and 
einehonidine have been investigated, but, except for the last ease, the 
melting-points and specific rotations of these fractions of a given salt 
are identical within limits of experimental error. In the einehonidine 
hydrogen an It two fractions investigated are thus : most readily 
soluble fraction, [a|n I OHU; sparingly soluble, [a In I 72*7°. One 
crystallisation from ethyl acetate and methyl alcohol gives results 
* 1 57 1' and 78*8", and the decomposition points of the fractions are then 
identical! ( 220 ” to 228" The next most readily soluble fraction 

gives -| (>2*5”, and the decomposition point is the same as the above. 

1 Kipping, Prm\ ahem. Nor., 1005, 21, 05; 1907, 23 , HU; Trans, Ohtm . /to*., 1007, 
92 , 717. 

9 Kipping and Davies, Trot, Vkitn. XV>c., 1909, 25 , 0 ; Trans, Chem * $oc, 9 1909, 95* 08. 
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Further results have failed to show resolution. Possibly they are 
resolved under certain conditions, but the enantiomorphous relationship 
between the two optically active acids is difficult to establish. 


Aryl Derivatives of the Type R s SiX. 

, ^ ri P^ en yl c hlorosilicane, (C 6 H 5 ) 3 SiCl, is prepared 1 from tetra- 
pnenylsilicane and phosphorus pentachloride : 


(C eH 5 ) 4 Si +PC1 5 = (C 6 H 5 ) 3 SiCl +C 6 H 5 C1 +PC1 3 

It forms colourless crystals, fuming slightly in air, M.pt. 88° to 89° C. 
Inis substance may be distilled under reduced pressure without de- 
composition, but hydrogen chloride is evolved when it is distilled at the 
ordmary pressure. It is readily soluble in light petroleum, anhydrous 
ether benzene, chloroform, or carbon bisulphide, but in absolute alcohol 
it yields the corresponding ester. The chloro-compound undergoes 
rupture at the phenyl-silicon linking when treated with metallic sodium 
in liquid ammonia. Triphenylchlorosilieane combines with 2 mols. of 
ar R m< ? nla .’ giving a product which on decomposition yields triphemd- 
sihcylamine, M.pt. 55° to 56° C. 2 J 

... Triphenylbromosilicane 3 is obtained by warming tetraphenyl- 
snicane with the molecular quantity of bromine on a water-bath, then 

iu per cent, bromine is added and the whole heated to 150° C. for eioffit 
or ten hours. ° 


(C 6 H 5 ) 4 Si+Br 2 = (C 6 H s ) 3 SiBr+CeH s Br 

The residue is treated with ligroin, the solvent distilled off, and the 
oromo benzene removed in vacuo, when impure bromide remains. It 
i 9 ft‘ S c C ° 0U !' eSS ’ s “ a11 needles, fuming slightly in air, M.pt. 118° to 
easily decomposed by water or alcohol. It is readily 
dissolved by ether or hot benzene, but is difficultly soluble in heroin. 

1 he yield is about 30 per cent. B 

boiS P !S 1Sil iT , acet f e ’ (C 6 H 5 ) 3 Si.OCOCH 3 , is produced by 
. ® ^ n Phenylsilicol with acetyl chloride. 4 It forms colourless 

prisms, M.pt. 91° to 92° C. 

B n? r snn° n t yl s«oo^ rosilicane 8 crystallises in prisms, M.pt. 141° C., 
silfeol • 100 mm - Water decom Poses it into tribenzyl- 

r, T . r ,? iP 4 he o y l eth 1 ylchlorosilicane is obtained by working up the bv- 
Sride S-ich b0Ve i 4 f/i’ ln ** of phenylethylsdicon 

silicon trichloride ls T lsolated fro4n phenyl magnesium bromide and ethyl 
The eor^c r K \ S colourless hquid, B.pt. 206° to 208° C. at 50 mm. 
The corresponding methyl compound boils at about 180° to 195° C 

ethvl s?E ‘ethylchlorosilicane occurs in the preparation of benzyl- 

silicon tricffinrfde h e° n T d + e ’ USing ! be f zyl ma g ne sium chloride on ethyl 
hlonde. It is a colourless oil, fuming in moist air, and is 

l Polls, Ber., 1886, 19, 1012. 

3 " ? r ? U3 . and ®°sen, J. Amer. Chem. Soc., 1925, 47 2739 
Ladenburg, Ber., 1907, 40, 2274. 47, 

79, 449! PP “ g aDd L1 ° yd ’ PmC ' Chem - Soc - 1899 > r 5> 174; Trans. Chew.. Soc., 1901, 

Chem. Soc., 190^ < 95^30l> ng ’ Proc ' ^em. 8° c -> 1908, 24, 25 ; Martin and Kipping, Trans. 

1910, 97 PP ™f’ Pr ° C ' Ghem " S ° C ” 1905 ’ 2I > 65 ; Challenger and Kipping, Trans. Chem. Soc., 
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decomposed by water into the silicol this spontaneously passing into 
the compound [ (C U H f) CI 1 2 )(C 2 1 I 5)SiJ 2 0, M.pt. 56° G., when kept over 
sulphuric acid for a time. 

Phenylethylpropylchlorosilicane 1 is the principal product from 
the interaction of pheny lethy lsilicon dichloride and propyl magnesium 
bromide. Its boiling-point; is not very definite (about 250° to 2(>0° €.), 
and it is a colourless, refractive, mobile liquid, fuming in air, and readily 
decomposed by water. 

Benzylethylpropylchlorosilicane is produced from benzylethyl- 
silieon dichloride (1 mol.) and propyl magnesium bromide (i mol.). 
It is a colourless, fuming, mobile liquid, which generally becomes pink, 
and is immediately decomposed by water, yielding the corresponding 
silicol and oxide. It. boils at 172° to 17(>° C. at 50 mm., and the yield 
is 50 to 00 per cent, of the theoretical. 

Benzylethylisobutyichlorosilicane . 2 * * By the action of isobutyl 
magnesium bromide on ben zy lethy! silicon dichloride the above com- 
pound is produced. It has the same properties as the preceding body, 
and boils at ION" to 202 ' C. 


Aryl Derivative# of the Type R 2 SiX 2 . a 

Diphenylsilieon dichloride 1 is obtained from triphcnylchloro- 
silicanc and phosphorus pentaehloridc, It is a colourless liquid, B.pt* 
2N0 to 207° C. at 00 mm. It also occurs by the interaction of silicon 
tetrachloride and phenyl magnesium bromide. 5 Silicon tetrachloride 
(170 grams) is stirred, cooled to 0° C. and 2*25 mols. of phenyl 
magnesium bromide in ether very slowly added. After allowing the 
whole to stand for twelve hours with occasional shaking, it is relluxcd 
for three hours, then littered in the absence of moisture 0 and washed 
with ether. The ether is removed by distillation, and after standing 
half an hour the remaining oil is reiiltered and distilled at 50 mm. 
Three fractions arc obtained : 

1. 1 10° to 1 20° (•., phenyl silicon trichloride. 

2, 100“ lo 225" (’., diphenyl silicon diehloride. 

*L 200“ to 000“ triphenyl silicon chloride. 

Fraction 2 on redistilling gives a colourless oil, fuming slightly in 
moist air, B.pt. 202“ to 204-' at 45 mm. 

1 Kipping, Proe. Vhrm, Hoc., 1004, 20, 15 ; 1005, 21, 65 ; Tram. (them. Hoe., 1907, 91, 
209. 

2 but! and Kipping, Prof, ('hem. Hoc., 1 90S, 24, 224 ; Tram. ahem. Mac., 1908, 93, 
2004. 

2 A poHsible impurity in diphenylsilieon diehloride may bo djethoxydiphenylsilicano 
(Kipping. ./. ('hem. Nor., *1027, p. 2794), and the B.pt. of the latter compound differs little 
from that of the diehloride, a« seem from the following figures :~~ 

NiPhJOKt) g , 107° to 198** <1 at 50 mm. ; 217" to 218" (X at 100 mm. ; 902" to 304° (X at 
767 mm. ‘ SiPh^’b, 100" to 202" (X at 50 mm. ; 222" to 224" (X at 100 mm. ; 302° to 305° (X 
at 767 mm. The mlieane in «|ieeideally heavier than water and miscible, in common sol- 
vents. An alcoholic solution in the presence, of a little alkali yields trian 1 ly ( 1 rot risdi j >hen yl - 
silicanedioi, and it is also slowly hydrolysed l»y dilute sulphuric acid. 

« Bolin, Iter,, 1886, 1 9, 1012.* 

® IHlthey and Eduardotf, Her., 1004, 37, 1130; Kipping, Tram. ahem. Hoc., 1012, 
101, 2108 ; see Kipping and Murray, J, ahem. Hoe., 1027, p. 2737, 

* Kipping, Tram. (■hero. Hoc., 1907, 91, 216. 
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By Hie action ol mercuric oxide on this compound, an o.vitlt' 
ISiPh.jOJ,,, has been obtained. 1 

Diphenyl silicon dibromide.- In the preparation of triphenyl- 
biomosilicaiic J rom tetrapheny Isilieaue and bromi no t he at >ovc compound 
is also J owned. It. boils between 175“ and ISO at 12 mm. 

Dibenzyl silicon Bichloride/ In the preparation of bcn/ylcihvl 
silicon dichloride an oily by-product, is formed, which in addition to 
‘‘’benzyl and other silicon compounds contains dibenzyl silicon dichloridc. 
It melts at 50° to 52° l'., fumes in air, and decomposes with water, jjh | n «r 
the diol. By mercuric oxide it is transformed to a /wli/wm'sctl Jhri/i 
ot SiBzoO, soluble in et her, acetone, or benzene.'* 

Phenylethyl silicon dichloride is prepared from ethyl silicon 
t richloride and phenyl magnesium bromide. It boils at 22S to 2.*!2 ('. 
and is a highly refractive litpiid, fuming strongly in moist air. 

Benzylethyl silicon dichloride is obtained as above, using the 
benzyl (Irignnrd reagent. To avoid formation of too much dibeuzvl 
the reaction is carried out at 0 The two products obtained arc 

benzylethyl silicon dichloride and ili/mrj/lt’t/ii/l silicon chlnritiv, The 
tormer is a mobile, fuming liquid, B.pt, !(!!»’ that mo mm. 


Arijl Dcnralirrs of the Type HKiX... 

Phenyl silicon trichloride. This compound is made from silicon 
tetrachloride and mercury diphenyl/’ The two are heated at ,*t()0 f i u 
sealed tabes and the product fractionally distilled. The trichloride is a 
colourless liquid, B.pt. 107“ to 10, s (’. ; it fumes in air and is slowly 
decomposed in cold water, more rapidly on warmup; or addition of 
ammonium hydroxide. It burns with a sooty Hume, depositing silica : 

SiCI, I IlKUVUia t’«H ;i Sin,, j ('^ipigd 

Kipping prepared the body using the (Irigunrd reagent 11 One mole- 
cuh’ O S.heoa tetrachloride and 1-25 mois, of pi.cuvl magnesium 
laoaude are used, and the experiment carried out as for d'iphruv! silicon 
diehlonde. tin- crude body is collected between 1 10 and 120 U. at 50 

mm. and purified by repeated red need pressure. Fifty 

grams ( ,t trichloride B.pt. tils to 200 areobtaiue.t from 120 gram's 
ol silicon tetrachloride. The compound is hydrolysed by ice-cold water 
<»• ammonium hydroxide solution/ and the' results seemed to point to 
the lormation oi condensation products, similar to those of tin- diurvl- 
silicancdiols, and iiot pheny Isilieonic acid, t' fi H fc Si(Ul. by elimination 
<)1 wa,or ironi ( t! HaSi(()Ii).,. This view supports the po'ssibilit\ that 

res h! C< , S1 f ' tls " r *‘ mixtures. At lower tempera 

Urns, the products ol hydrolysis arc possibly largely condensation 

! I s , tiu ; f«n*sio a n *.r xcvi^siton,, xiu>, 

and at ordinary temperatures higher condensation products are formed 

[ j,ihI Truths, ('hvm, *SYw» 1024 12 K 

* UdrnOurg, Her,, 1007, 40 , 2274. * ^ “ 

95 , 002. U nU ^ (■ han. Sue,, 93 , 400; Martin 11 rit I Kippim*, f 000 * 

* Vylo and Kipping, he, eit, 

u J'n<*d«d and Udonlmrg, Atnialni, IH7I, 159 , 200 : Ladunlmiv thr iw-t /; 

Kipping, Tratw, ('hem Soe 1 i 1 1 idi ' ** f tut « y. .. * . * Kv ■ f • 

Sue., ioi l, 105,070. ** I0X ’ *** * * and Kipptmi, 7 mim. i'hnn, 

7 MmuIh and Kipping, Ml, 
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approximating to the formula (C„H 5 Si0) 8 0. For derivatives from the 
trichloride and magnesium p-bromophcnyl bromide (see Appendix, 
Table VIa). 1 

p-Ghlorophenyl-silicon trichloride 2 is obtained from silicon 
tetrachloride and the magnesium compound of p-ehlorobromobenzene. 
It is a colourless oil, B.pt. 105° C. at 15 mm., and is hydrolysed by water 
to the u so-called siliconie acid,” an amorphous powder. 

p-Bromophenyl silicon trichloride is similarly prepared from 
the magnesium compound of p-dibromobenzene and silicon tetra- 
ehloride. It is a faintly fuming oil, B.pt. 120° to 125° €., and is also 
hydrolysed by water. With alcohol it forms esters of the type 
C c H 4 .Br.Si(()R) a (see Appendix, Tahiti VIa). 3 

p-Tolyl silicon trichloride. 4 Tetmehloro-silieane and mercury 
di-p-tolyl are heated in scaled tubes at 800° to 320° C„ when the above 
compound occurs as a strongly refractive, fuming liquid, B.pt. 218° to 
220" 0. It is found to he decomposed by water, giving a compound 
having the apparent composition C 7 n 7 Si() 2 lI, and this when heated at 
200" (\ seems to be transformed into the oxide, (C 7 II 7 Si(')) 2 0. 

Benzyl silicon trichloride * r> is produced when benzyl magnesium 
chloride is allowed to interact with silicon tetrachloride. It is a 
transparent, strongly fuming liquid, with a powerful odour, density 
h2 8:Ms B.pt. Ot" to \Hf (’. at 1 1 mm, 

a -Naphthyl silicon trichloride is produced in the above manner 
and is similar to the preceding compound, density I *,‘$700, B.pt. 105° to 

170" (k at 22 mm. 

*» 

Aryl Derivatives of the Type R a Si(()H), 

Triphenylsilieol, (t* H U 6 ) a Si(()ll), n is formed from triphenylehloro- 
silieane by boiling with water and a little ammonium hydroxide. It is 
also produced from the bromide by potassium hydroxide solution at 
120 V. It is easily soluble in alcohol, ether, chloroform, or benzene, 
and may be crystallised from acetone, M.pt. 100" to M<1.° C. (Polls), 
I 18 to 150" ('. (Laden burg). The compound is also prepared by 
treating the silicone, (( , 0 U r> ).,Si(), with the (Jrignard reagent. 7 Pre- 
pared thus it crystallises in prisms, M.pt. 150" to 151*5° C. (Marsdeu 
and Kipping), 

Triphenylsilieol trisulphonic acid, (C n n 4 S() ;i lI) a Si(()n), is made 
by gently warming one part of the above silieol with six parts of fuming 
sulphuric arid. When it is all dissolved, the solution is poured into cold 
water, neutralised with barium carbonate, then gently warmed and 
filtered from barium sulphate, Evaporation of the filtrate yields the 
bat him salt in white (lakes, 

Trisulphonate of t rinitrophenylsiiicol. The above* compound 
is nitrated, using five parts of fuming nitric acid, whilst, strongly cooling 

* 'UnitiiitT ami (tawo*, Her,, HUH* 51, 1288 . 

* UruUnnrand K mune, Her., HU 7 , 50, I *> 50 . 

8 (Irtitlner and Oimmt, tor. Hi, 

4 Lmi<*nhm%', Anna fan, IS? I, 173, ISO; Her,, 1871 , 27, 80 S. 

* Mul/ur, lit r., 1008 , 41, 8.100; Martin and K ippimr, Trans, Ohvm , Hoc,, 1000, 95, 
802 . 

* folia, Her,, 1880, 19, 1012; Ladnidiurg, Her,, 1007, 40, 2274, 

7 Kipping and Lloyd, Hm\ ahem, Hoc,* 1800, 15 , 174 ; Miuwlrn and Kipping, Trans. 
Chem. Hoc,, 1008 , 93 , 108 . 
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the mixture. The product is poured into cold water, partly evaporated 
to remove some of the nitric acid, then again diluted and neutralised" 
with barium carbonate. An intense yellow solution is formed, this after 
nitration and evaporation yielding the barium salt of the compound as 
yellow crusts, which are recrystallised from water. 

Phenylmethylethylsilieol . 1 * * 4 * 6 Phenylethylsiiieone is first, prepared 
from phcnylethyl silicon diehloride by hydrolysis, and the silicone then 
allowed to interact with methyl magnesium iodide. The product is 
contained in the fraction boiling at 115" C. at 17 mm. It is a colourless, 
mobile liquid, practically insoluble in water, and on standing slowly 
passes to the oxide which produces a turbidity. 

Phenyldiethylsilicol is also prepared from the silicone, as in the 
case of the previous compound. It hods at 10 5" (\ at 00 nun. With 
water it is slowly decomposed, probably yielding phonyldirthylsilicyl 
oxide. 

PhenylethyipropylvSiUcol- is formed from phenylcthylpropyl silicon 
chloride by treating it with p-toluidine in dry et her. The ether 
is distilled off and the residue warmed with sodium, then fractionated. 
It has similar properties to t he above, and Inals at 250 (\ 

Tribenzylsllicol li is prepared from benzyl silicon trichloride, which 
with (‘old water yields benzyl meta-si lieie acid. This, with a large 
excess of benzyl magnesium chloride, and heating the reaction mixture 
to 220 " C., gives the siiieol, the dibenzyl being removed by steam-dis- 
tillation. The remaining pasty mass is extracted with ether, and the 
siiieol distilled at 25(1' to . 200 “ C» at 20 mm. The fraction solidifies and 
is crystallised from chloroform and light petroleum, M.pt. 10 f ‘ C. The 
yield is only 5 grams from 14 grams of the acid. It has also been pre- 
pared using excess of Griguurd reagent,* or from tribenzylehiom- 
silieane using moist alcohol/* 

Dibenzylmethylsilicol is formed fromdibenzylsilieone, M.pt, 08 ' (\, 
using ethereal methyl magnesium iodide and heating at 200 “ (\ lbr one 
hour after distilling off the ether. An oily product is isolated, which 
mostly distils bet ween 240“ and 242" 0. at 00 mm. 

Dibenzylethylsilieol is obtained also as an oil, and passes spon- 
taneously into di Iwnzfflriht/lsi / ivtjl (hride, M.pt. 54“ (\ 

Benzyldiethylsilicul is isolated from benzy let hylsilieone by 
gradually adding if to the ethyl (irignard reagent (1*5 mols. }. The 
residue is finally heated to 100 “ (\ for an hour, then treated when 
cold with water. The oil is extracted with ether, and 00 per cent, 
comes over at 1 05“ C, at 40 mm. It is a colourless liquid, miscible 
with most organic solvents and decomposes slowly to oxide, deposit- 
ing globules of water, and becoming cloudy. With acetyl chloride 
this siiieol does not give the corresponding chloride, us in the case of 
tribeuzylsilieol. 

Benzylethylpropylsilicol may bo obtained by two methods : 

1 Kipping nail Hnukhird, Tram* Vhrm, *SW.> Hitt, 99 * I .IS. 

9 Kipping, T m tut, i 'hrm* «SW,, HK17, 91 , 200, 

;| Kipping and ilaekford, / W, Vh* m , S<u\ t Halt, 27* H; Tmm, ( % m. «SV., l nil, 99, 

i as, 

4 lOlt; tiny and Eduard* dh tU r, t 1005, 38 , 41.32. Hilihey and Kduardidf give tin* 

melting-point 10 tr and (Icwtriln* tin? imdy mt eryatallkhig frum akailnd in long, 
eoltmrk'sn lined Inn. 

6 Kobhiou and Kipping, Tmm , Vhr.m. tim 9 1008, 93 , 430. 
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1. By the decomposition of benzylethylpropylehlorosilicane with 
water . 1 Two products result, one possibly being the ether, 

(C B II 5 CII 2 ,C 3 H 6 .C 3 1I 7 . Si ) 2 C) 

B.pt. 255° G* at 25 mm., but the principal product is the silicol, B.pt. 
155° G. at 25 mm. The silicane used in the preparation is formed from 
bcnzylcthyldichlorosilicane and propyl magnesium bromide. 

2 . From benzylethylsilicone, C 6 H 6 CH 2 .C 2 H 5 .SiO, and propyl mag- 
nesium bromide. The mixture is heated to 190° C., then decomposed by 
water . 2 

Benzylethylpropylsilieol is easily sulphonated, giving two acids at 
least. The miwonmm salt of one seems to show it is derived from the 
acid of constitution, 

cui G dyi 7 .si(oi^ 

but molecular weight determinutions indicate polymerisation or con- 
densation. Sulphonation of the pun; oxide, using chlorosulphonic acid, 
appears to give similar acids to those obtained from the silicol, the 
constitution being 



st y i ,ty i % c i i,si o si.ci r a c 6 i 1 4 scy i 

(LjH 7 C 3 II 7 

Benzylethylisobutylsilicol * is formed when the corresponding 
chloride is treated with water. It boils at 102 ° to 104° G. at 25 mm. In 
each case, when the chloride, oxide, or silicol is sulphonated, the product 
is a mixture from which the di-acid, sulphobenzylefJiy lisobntylsUicyl 
os'idt' is isolated as its l-m cn thylamm e salt, 

jsi.c ^sc)^! i tn a c) 

M.pfc. 2 l-O” to 21*5" G. and [a]j> 14*7° in methyl alcohol solution. 

Aryl Derivatives of the Type Rj>Si(OII) 2 . 

Diphenylsilicanediol and its condensation products have been 
studied by Kipping with interesting results . 4 It maybe prepared from 
«s grams of silicon tetrachloride and 17 grams of phenyl magnesium 
bromide in the following manner: 5 

During addition of the tetrachloride the mixture is carefully cooled, 
and then allowed to remain at room temperature until the greenish 
precipitate does not increase. Then the product is decomposed with 
ice- water, extracted with ether, and the solvent distilled off. The 
residue on crystallisation from benzene gives a 25 to 30 per cent, yield 
of the diol, which forms glistening needles, M.pfc. 1 38° to 139° 0. It 
is easily soluble in ether or chloroform, but sparingly soluble in ligroin. 

* Kipping, Proe. Oh m. Poe., 1 905, 21, 05 ; Tmns, ('hem, Poe . , 1907, 91 . 717. 

a Kipping and Hartford, Tran#, ('hem, Poe., 1911, 99 , 158. 

LufT and Kipping, / 'roe. ('hem. Poe,, 1908, 24 , 224 ; Trans. i 'hem. Poc, f 1 908, 93 , 

2004, 

4 Kipping, Proe. Phew, Poe „ 1912, 28 , 248, 244, 245; Tram. (them. Poc. t 1912, xoi, 
21.08; Kipping and Robison, Proe. (them, Poe., 1918, 29 , 874; Trans, 01mm. Poe., 1914, 
105 , 484. 

6 Dilthry and Eduardo!!, 1904, 37 , 1189. 
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It may he dried at 100° C. without decomposition. Further heating at 
a higher temperature causes elimination of I mol. of water, hut the 
remaining mass is gelatinous and has no definite melting-point, being 
probably diphenylsilieone, (C 0 U r> ) 2 Si(). 1 

The diol is also formed by the action of dilute ammonium hydroxide 
or water on diphenylsilieon diehloride.- 

Kipping in D)I2 prepared the compound from diphenylsilieon 
diehloride and water, but it was difficult to obtain it pure. Dilute 
ammonium hydroxide on the diehloride gives only a small proportion 
of diphenylsilieanediol. When the diehloride is slowly added to 5 per 
cent, potassium hydroxide (4 mots. ), slight heat is developed, and 
on feebly acidifying with acetic aeid a white paste is formed, which 
when freshly precipitated is soluble in potassium hydroxide hut changed 
during filtration and no longer soluble. 

Some air-dried specimens show a melting-point of 105 ’ to i 10 * (\, 
effervescence being due to steam. Attempts to purify the diphenyl- 
silieanediol show it to be usually decomposed in ether, or ethyl acetate. 
Occasionally, however, it has been thrown down from solvents as a 
lust rous powder or imperfect prisms, and an oil remains in t he mother- 
liquor. The melting-points vary, and tins is probably dm* to traces <0* 
aeid in the solvents, rather than removal of impurity by them. A truce 
of hydrochloric aeid in a solution of diol usually causes a rise* in melting- 
point to about. I 15' (\ On this account crystallisation is carried out 
with ether at ordinary temperature, and the ethereal solution allowed 
to float on water containing a tract* of potassium hydroxide. In this 
ease diphenylsilieanediol is obtained as lustrous prisms, completely 
soluble in potassium hydroxide and decomposed at 1 !5 f to 1 18 (\ with 
effervescence. Another means of purification is to dissolve the com 
pound in acetone, then to dilute with a small proportion of water. The 
liquid is milky, and after standing a few days the diol separates, and is 
filtered, tin* milky liquid going through, The crystals are washed free 
from oil with chloroform. This operation is repeated until there is 
no milkiness, and then the pure diol is obtained after one more erystaHisa 
lion with hot ethyl acetate or acetone. 

Diphenylsilieanediol forms tong, colourless needles or prisms which 
often exceed 20 mm, in length. It sinters at 125 and becomes liquid 
with effervescence at 128 u to 1212“ C, I t is practically insoluble in water 
or light petroleum, only sparingly soluble in cold chloroform, and very 
moderately soluble in boiling lumene, It easily dissolves in hot ether, 
ethyl acetate, or acetone. The diol is stable at ordinary temperatures, 
but its isolation is difficult owing to its sensibility towards alkalis, acids, 
and other reagents. The crystal measurements are shown in Table 
VII. of Appendix. 

Diphenylsilieanediol in the presence of acids or alkalis very easily 
undergoes condensation. This accounts for the glue-like substances 
obtained in the preparation of the dud from diphenyl silicon diehloride by 
various methods, and they consist of a mixture of any of the four follow - 
mg condensation products ;■ • 

I . Anhydroblsdiphcnylsilieiinedlol, 

1 Kipping ntt'i Tram, ('firm, *SV„ HUM, 79, Uli 

* Mnrtin, /hr., 1012, 45, *103. 
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‘ 2 . Dianhydrotrisdiphenylsilicanediol, 

HO.Si(C < H 5 ) s .O.Si(C,H s ) 2 .O.Si(CJH 8 ) s .OH 
3. Trianhydrotrisdiphenylsilicanediol, 


/ Si(( < 6 Il 5 ) 3 .O v 

0< /Si (C oil's ) 3 

X Si(C 6 H 5 ) s .Q/ 


Tetra-anliydrotetrakisdiphenylsilicanediol, 


\si(c 8 ir 6 ) !! .o.si(c 8 H 0 ) 2 ' 


>o 


When diphenylsiliciinediol is heated at U0° to 180° C. it loses 
approximately 1 mol. of water and yields mainly trianhydrotris- 
diphenylsilieanediol. In addition, a small amount of tetra-an hydro - 
tetrakisdiphenylsilieanodiol is produced, and also an oil, easily soluble 
in pet roleum ether containing a little chloroform. It is proved not to 
he diphenylsiliconc, which at first it. seems likely to be, for a small 
quantity of dianhydrotrisdiphenylsilieanediol ‘is isolated. Steam- 
distillation gives no diphenylsiliconc in the distillate. Part of the oily 
product appears to consist of anhydrobis- and dianhydrolris- diphenyi- 
sUicanediol, 

When diphenylsilicancdiol undergoes condensation in acetone solution 
in the presence of a trace of piperidine, crystals of tetru-ai i hydrotetrakis- 
diphenylsilicancdiol, M.pt, 200" 0., are deposited, together with a, small 
amount of a colourless powder, probably a condensation product more 
complex than the above. 

Diphenylsilicancdiol in acetone containing a little ammonium hydrox- 
ide gives an oil at ordinary temperatures, which, when crystallised 
from chloroform and light; petroleum, yields anhydrobisdiphenyl- 
silieanediol, M.pt. I 1«T‘ C., and soluble in 5 percent, potassium hydroxide. 
Another experiment carried out in the same way gave a compound, 
M.pt, 1 12‘ (\, insoluble in potassium hydroxide solution. It was 
<lianhy<lrc>t;risdiphcnylsilieancdiol. The products hero are not closed 
chain condensation bodies. 

Anhydrobisdiphenylsilieanediol. The crystals deposited from a 
mixture of chloroform and light petroleum give the measurements shown 
in Table VIII. of the Appendix. 

The action of piperidine on anhydrobisdiphenylsilieanediol is to give 
tetra-anhydrotetrakisdiphenylsilieanediol and some trianhydrotrisdi- 
phcnylsilieuncdiol, together with a powder consisting possibly of highly 
complex condensation products. The action of piperidine, besides 
causing condensation, also brings about hydrolysis of the anhydro- 
bisdiphenylsilieanediol, giving diphenylsilicancdiol, and this then* con- 
denses forming a small quantity of trianhydrotrisdiphenylsilie,anedic>L 

Anhydrobisdiphenylsilieanediol changes after a time in the presence 
of hydrochloric acid in methyl alcohol solution, giving a small quantity 
of oil. The solvent is allowed to evaporate at ordinary temperature and 
the process repeated. The oil is washed with alcohol, and the sub- 
stance when crystallised from ethyl acetate yields prisms of trianhydro- 
tnsdiphenylsiiieanediol, M.pt. 188° (•. No tetra-anhydro compound is 
detected. The hydrochloric acid therefore does not cause condcnsa- 
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tion, but hydrolyses the anhydrobisdiphenylsilicanediol to the diphenyl- 
silicanediol, which then condenses to give trianhydrotrisdiphenyl- 
silicanediol. 

Dianhydrotrisdiphenylsilicanediol, deposited from chloroform and 
light petroleum, gives the crystal measurements shown in T^able IX. of 


Appendix. . 

The action of piperidine on dianhydrotrisdiphenylsilicanediol is to 
give tetra-anhydrotetrakisdiphenylsilicanediol, while some trianhydro- 
trisdiphenylsilicanediol is probably produced. 

Experiments seem to show that piperidine on diphenylsilicanediol, 
anhydrobis- and dianhydrotris- diphenylsilicanediol give as principal 
product tetra-anhydrotetrakisdiphenylsilicanediol. 

When hvdrochloric acid is added to a methyl alcohol solution of 


dianhydrotrisdiphenylsilicanediol, an oil separates, which on evapora- 
tion at the ordinary temperature yields a crystalline residue. Recrystal- 
lisation from ethyl acetate gives prisms of trianhydro trisdiphenyl- 


silicanediol, M.pt. 188° C. 

Trianhydrotrisdiphenylsilicanediol, a closed chain compound, is 
hydrolysed by potassium hydroxide, giving as final product the potas- 
sium derivative of diphenylsilicanediol. On evaporating off the alcohol 
and adding a slight excess of acetic acid to the residue the diol is de- 
posited. The following equation represents the reaction when hydro- 
lysis is stopped at a very early stage of its development : — 


/Si(C c H 5 ) 2 O x 

0< V(C 6 H 5 ) 2 +H 2 0=PI0.Si(C 6 H 5 ) 2 0.Si(C G H 5 ) a .0Si(C 6 H 5 ) 2 0H 

\Si(C 6 H 5 ) 2 0/ 


0-25 gram of the trianhydro-compound is dissolved in a mixture of 
acetone and a little ether, then (0*05 gram) 3 per cent, aqueous sodium 
hydroxide added. In less than half a minute this is acidified with 
dilute acetic acid and the solvents evaporated rapidly at the ordinary 
temperature. The oily residue is next treated with alcohol, filtered, and 
again evaporated at the ordinary temperature, and the oil after crystal- 
lisation from a mixture of chloroform and light petroleum gives pure 
dianhydrotrisdiphenylsilicanediol. 

Trianhydrotrisdiphenylsilicanediol, /ike the corresponding benzyl 
compound, is hydrolysed by hydrogen chloride into the open chain 
compound dianhydrotrisdiphenylsilicanediol. This hydrolysis is re- 
versible. Piperidine on the trianhydrotris-derivative gives tetra- 
anhydrotetrakisdiphenylsilicanediol mixed with unchanged product. 

Crystals of trianhydrotrisdiphenylsilicanediol deposited from ethyl 
acetate solution have been measured, and the results are shown in 
Table X. of Appendix. 

Trianhydrotetrakisdiphenylsilicanediol is the most complex open- 
chain compound yet isolated, and is formed by carefully hydrolysing 
tetra-anhydrotetrakisdiphenylsilicanediol. 


0 < 


,Si(G 6 H 5 ) 2 .O.Si(C 6 H 5 ) 2 < 

£i(C 6 Id 5 ) 2 .O.Si(C 6 H 5 ) 2 ' 


>0 +H 2 0 =110. Si (C 6 XI 5 ) 2 0 . Si (C 6 1 1 5 ) 2 .0. 

Si ( C 6 H 6 ) 2 0 . Si ( C 6 II 5 ) 2 . 0 II 


This partial hydrolysis is carried out in the following way. The 
closed chain compound is dissolved in chloroform, and a considerable 
excess (5 to 6 mols.) of an alcoholic solution of sodium ethoxide is 
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added. Sullieient chloroform should he present to prevent any pre- 
cipitation. In not more than a minute slight excess of very dilute 
acetic acid is added, the whole shaken and the chloroform separated. 
The aqueous portion is again extracted with this solvent and all the 
chloroform evaporated at the ordinary temperature. The residue is then 
treated two or three times with cold ethyl alcohol, which leaves behind 
a considerable portion of unchanged tetra-anhydrotctrakisdiphenyl- 
silieanediol. The alcoholic extract after filtering ‘is diluted with water 
and the Irianhydrotetrakisdiphenylsilicanediol is obtained after several 
recrystallisations from a mixture of chloroform and light petroleum. 
The yield is not good, but further quantities may he obtained by repeat- 
ing the hydrolysis on the unchanged tetra-deri votive. 

'i'rianhydrotctrakisdiphenylsilicanediol crystallises in short, colourless 
prisms, M.pt. 128*5“ C. It resembles the other two open-chain con- 
densation products of diphenylsilieanediol. 

Tatra *un hydro tetrakis< liphen ylsilieanediol is formed from tri- 
aifoydr()fetrakistlij)henylsilieaiHxliol by warming an alcoholic solution 
of the latter with a trace of sodium hydroxide. The crystalline pre- 
cipitate melting at 200“ (•. when crystallised from ethyl acetate is pure 
tctra-unhy<irotctrakis<Hphcnylsilicancdioh M.pt. 201 ° 0. 

An alcoholic solution of the trianhydrotctrakis-compound with 
hydrochloric acid does not give so pure a product of the tetra-com- 
pound. The tri-body may be converted into the tetra-derivutivc also 
by heating the former at 100" to 200“ C, for fifteen minutes. Water is 
evolved, and when decomposition censes the mass is cooled. Addition 
of ether causes this to crystallise, and cold alcohol removes only a little 
soluble matter. The residue on crystallising several times yields pure 
tel ra«anhydrotet rnkisdiphenylsilieancdiol, which forms well-delined, 
almost rectangular plates, when deposited from ethyl acetate at the 
ordinary temperature. These have been measured and the results are 
recorded in Table XL of Appendix. 

Phenylothyisllicnnedfol is obtained by hydrolysis of the corre- 
sponding disubstituted diehlorosilieanes with aqueous ammonium 
hydroxide. 1 Tin* diol is deposited in long, transparent needles, when 
the ethereal solution is evaporated at the ordinary temperature. The 
compound is reerystallised from ether and light petroleum, and has M.pt. 
70° (*. It is easily soluble in organic solvents, except light petroleum, 
in which it is sparingly soluble. 

Anhydrobisphenylethylsilicanediol is formed from phenyl- 
et.hylsilieanediol when a pure specimen of the latter is kept in a stoppered 
bottle at ordinary temperature. The reaction is very slow. An aqueous 
solution of the diol and a lew drops of hydrochloric acid left for twenty- 
four hours yields a crystalline precipitate of the anhydro-eompound. 
When crystallised from light petroleum and a little ether it forms long, 
transparent needles, M.pt. 87*5° C. 

Diben/yLsilicanedloL” The earlier preparations of the compound 
are not too satisfactory owing to mixtures being formed, but finally a 
yield of the diol 1ms been obtained in the following manner: - 

Dibenzyl silicon diehloride is melted carefully and dropped into a 

* Kjpmng, Tran#* Vhem , 1012, XOI, 2100. 

* Diitiiry and KduimMT, Bvr* t 1905, 38, 4182; RuhiHon and Kipping, Proc. Ohem . 
Not., 1012. 28. 245; 19 13, 29, 348; Tran*. Ohm*. Noe., 1908, 93, 430; 1012. 101, 21 ; 
1014, 105, 40. 
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5 per cent, solution of potassium hydroxide whilst stirring. The turbid 
liquid is filtered from the insoluble portion, possibly dibenzyl, then 
shaken with animal charcoal. When the clear filtrate is made slightly 
acid with acetic acid a thick, flocculent precipitate is produced. This 
is difficult to dry, but on leaving several days on a porous plate and 
finally washing with light petroleum the compound melts at 98° to 100° 
€., and is almost pure dibenzylsilieanediol. There is a small proportion 
of substance insoluble in potassium hydroxide present, which seems to 
point to a slight decomposition after precipitation from the solution of 
the potassium derivative, due possibly to traces of alkali adsorbed by the 
somewhat colloidal precipitate. The impurity is not easily eliminated. 
The method adopted is to dissolve the dibenzylsilieanediol in acetone, 
then add water until a turbidity is produced, after which the solution is 
allowed to evaporate spontaneously. The liquid soon shows in addition 
to milkiness, silky, opaque needles, and these arc decanted from the 
mother-liquors and again dissolved in acetone. This is repeated till 
the product is completely soluble in 5 per cent, potassium hydroxide. 

Dibenzylsilieanediol, M.pt. 101° C., is appreciably soluble in warm 
water, separating when cold in long, white filaments. If a solution is 
heated to 90° C. for a short time, decomposition occurs. The presence 
of hydrochloric acid in a solution causes it to decompose, and a solution 
in potassium hydroxide when warmed becomes turbid with separation 
of an oil. When the did is heated to 100° 0. an oily product is formed, 
which consists essentially of anhydrobisdibenzylsilieanediol, and “ ter- 
molecular silicone ” or trianhydrotrisdibenzylsilieam^diol, in small 
amount. At 130° C. the oil is a mixture of the above two products and 
other condensation products. 

Dibenzylsilieanediol is quantitatively converted into u tcrmolcndar 
silicone ” when exposed to fumes of hydrogen chloride in a closed vessel. 
Another convenient means of preparing the silicone is to keep pure 
dibenzylsilieanediol in alcohol and a little concentrated hydrochloric 
acid for several days, during which the quantity of crystals increases. 

When pure did is dissolved in a small quantity of acetyl chloride and 
allowed to evaporate spontaneously, an oil results, which contains un- 
changed diol and anhydrobisdibenzylsilieanediol. In some instances 
a good yield of hydrated crystals of the anhydro-body is obtained, using 
acetyl chloride in ether and light petroleum and evaporating at the 
ordinary temperature. Hydrated crystals are never formed until the oil 
containing the anhydrobisdibenzylsilieanediol is exposed to atmospheric 
moisture or crystallised from solvents containing traces of water. 

Anhydrobisdibenzylsilieanediol is formed when 2 mols. of 
dibenzylsilieanediol condense with loss of 1 mol. of water. Though 
the yield is not good, the best method of preparation is as follows ; 
Dibenzylsilieanediol (3 grams) is dissolved in 20 c.e. of dry ether, acetyl 
chloride (BO drops) added, and the solution in a beaker is kept in a 
desiccator over potassium hydroxide for three hours. It is then con- 
nected to the pump and evacuated to remove most of the acid chloride. 
After six hours, crystals of “ termoleeulur silicone ” usually appear on 
the surface. The solution is then poured into excess of cooled, dilute 
ammonium hydroxide and shaken. After extraction with ether and 
evaporation, the oily residue is treated with a little alcohol, which 
precipitates the silicone. The filtered alcoholic solution is diluted with 
water, and vigorous rubbing of the beaker with a glass-rod causes 
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hydrated anhydrobisdibenzylsilieanediol to be deposited. It is purified 
by dissolving in ether and diluting with light petroleum, then being 
allowed to evaporate spontaneously after filtration. It is kept in a 
desiccator over parallin shavings. The yield is 2 grams of anhydro-com- 
pound and (>•!> gram of “ termoleeular silicone.” The former is readily 
soluble in cold chloroform or benzene, a turbidity occurring due to 
water of hydration. 

Seventy hours’ heating of anhydrobisdibenzylsilicanediol at 100° C. 
gives (»*() per cent, II',/) (HI/) =3-68 per cent.). When heated at 100° 
to 1 10° Ik for periods of about ten minutes a stage is reached correspond- 
ing with 8*(> 8 per cent. II/), after which the loss in weight becomes very 
small. At 130° to If>() u C. the loss is 8-7 per cent, after ten minutes, and 
then much slower, till in two hours it is 7*8 per cent. This slow loss, after 
that due to water, is accounted for as being due to volatilisation of 
benzaldehyde formed by atmospheric oxidation. The odour of the 
aldehyde becomes more noticeable as the heating is prolonged. 
Though the remaining oil after heating is probably pure anhydrobis- 
dibenzylsilicanediol, it will not crystallise because it is so hygroscopic. 
However, the hydrated form is obtainable from the oil by dissolving in 
light petroleum and allowing the solution to evaporate in air, 

Dianhydrotrisdibeiizylsilicanediol, 

IIO.Si(CII a C e II 5 )^ 


is probably present, with anhydrobisdibenzylsilicanediol when di- 
henzylsilieanediol is condensed in the presence of alkalies. If the 
alkaline solution is heated to TOO" (k for some hours the precipitate is 
partly soluble in cold alcohol, and contains a considerable proportion 
of frianhy(lr<>tris(iibenzylsilieanedioI. The dianhydrotris-body is not 
isolated by the above method, although probably present. Attempts 
have been made to obtain it by hydrolysis of tri an 1 i y d r< >trisdi l >en zy 1- 
silieanediol which, though practically insoluble in alcohol, slowly dis- 
solves in an alcoholic solution of potassium hydroxide owing to 
hydrolysis. 


Si(ClI a .(: 6 H 


< > 0411 , 0 - 



o.si(cir s ,c ( ,n 5 ) 2 .on 

<).si(c , .ii,('. n ii # ) ( .on 


Water precipitates a solid which gives with acetic acid dibenzyl- 
silicanediol. Further examination shows it to consist of anhydro- 
bisdil>cnzylstlieam*diol as well as the above diol, or simply the au hydro- 
compound, or else a compound, M.pt. 82° (k, according to the method 
of proer<lure. The desired product is that melting at 82" Ck, and 
it is obtained in the following manner: A solution of trianhydro- 
Irisdihenzylsilieanediol in cold acetone is treated with U per cent, 
potassium hydroxide (2 mols. ) and thirty seconds afterwards a slight 
excess of dilute acetic acid is added. On further dilution with water 
an oily precipitate separates, which is filtered and extracted with ether. 
The solution of the oil in ether is diluted with light petroleum, then 
left to evaporate. Crystals separate and arc recrystallised several 
times from ether and light petroleum, then dried over sulphuric acid* 
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Dianhydrotrisdibenzylsilicanediol melts at 82° C. and is readily soluble 
in all organic solvents except light petroleum, in which it is only sparingly 
soluble, and insoluble in water or dilute, cold potassium hydroxide. 
Another method of hydrolysing trianhydrotrisdibenzylsilicanediol is to 
dissolve it in acetone containing one drop of concentrated hydrochloric 
acid. After half an hour the solution is diluted with water, vigorously 
stirred, filtered, and the solid extracted with cold alcohol. In this way 
the unchanged trianhydrotris-compound is left behind. On dilution 
of the alcohol with water, an oily substance is obtained which is extracted 
with ether. The solution contains dianhydrotrisdibenzylsilicanediol, 
and it is purified by crystallisation from ether and light petroleum. 
Only 15 per cent, of trianhydro-compound is transferred into dianhydro- 
trisdibenzylsilicanediol, so further dianhydro-compound is formed by 
repeating the treatment. It seems probable that the reaction is re- 
versible and equilibrium under the conditions of the equation is when the 
proportion of dianhydrotris- to trianhydrotrisdibenzylsilicanediol is 
about 1 to 5, or 1 to 6. 


H 2 0+Si(CH 2 C 6 H 5 ) 


/ 


O.Si(CH 2 C 6 II 5 ) 2 < 


>0 


\O.Si(CI-I 2 C 6 H 6 )/ 


=f=sSi(CH 2 C G H 



O . Si . ( CH 2 C 6 II 5 ) 2 0I I 
O . S i ( CH 2 C C H 5 ) 2 . 0 II 


This equation only probably represents one of several reversible 
reactions, others being : 


2H 2 0+Si(CH 2 C 6 H 5 ), 


O.Si (CH 2 C 6 H 6 ) 2 0H 


3Si (CH 2 C C H 6 ) 2 (OH ) 2 


N O.Si(CH 2 C 6 H 5 ) 2 OH 
2 Si (CH 2 C 6 H 5 ) 2 (0H) 2 0H.Si(CH 2 C fl H5) 2 .0.Si(CII 2 C 6 H 6 ) 2 0II+II 2 0 


Trianhydrotrisdibenzylsilicanediol. — It should be possible to 
obtain this compound from dianhydrotrisdibenzylsilicanediol, if the 
reaction mentioned above is reversible. In alcoholic solution the 
equation should proceed from right to left, as the tri-body is insoluble 
in alcohol. This actually occurs in the presence of hydrochloric acid, 
the crystals, M.pt. 98° C., being pure trianhydrotrisdibenzylsilicanediol. 
The change is complete in twelve hours. This condensation in alcoholic 
solution goes even more easily with potassium hydroxide than acid, 
whilst the presence of acetyl chloride has the same effect, though it may 
be due to the hydrochloric acid formed in this case, and not directly to 
the acid chloride. The closed-chain compound is not satisfactorily 
obtained from dianhydrotrisdibenzylsilicanediol by heat. 

Trianhydrotrisdibenzylsilicanediol crystallised from chloroform and 
petroleum-ether mixture has been examined, and the crystallographic 
measurements are shown in Table XII. of Appendix. 

Benzylethylsilicanediol 1 is prepared from pure benzylethvl silicon 
dichloride, using ice-cold aqueous ammonium hydroxide under the con- 
ditions used in the preparation of phenylethylsilicanediol. The ethereal 
solution is allowed to evaporate spontaneously, when colourless needles 


1 Kipping, Trans. Ghem. Soc., 1912, ioi, 2106. 
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are obtained which may be recrystallised from a mixture of ether and 
light petroleum. 

Bcnzylethylsilieanediol crystallises from hot benzene or boiling light 
petroleum as transparent needles, but from aqueous acetone or alcohol 
as cotton- wool-like masses. The compound is appreciably soluble in 
cold water, more so in hot. It sinters at 80° C., is a pasty mass at 
85° C., becoming solid again and more bulky until at 100° C. it melts. 
Single crystals melt at 85° C. to a clear liquid which becomes turbid if 
kept at that temperature for a time. Large crystals in a test-tube melt 
a t 1)8° to 100° C. This suggests that the substance is dimorphous. The 
change is not due to loss of water, lor the compound does not eliminate 
the elements of water when kept at 85° C. for half an hour. It loses 
water, however, in a dry vacuum and becomes oily in a day or two. It is 
thought; that the compound contains I mol. of water. 

Phenylbenzylsilicanedioi 1 is most conveniently prepared by 
dropping the oily dichloride into a 5 per cent, solution of sodium hydrox- 
ide. Vigorous stirring is necessary during the reaction. The solution 
when filtered and treated with slight excess of dilute acetic acid gives 
a bulky white precipitate of the diol When littered and washed it is 
not quite pure, so it is dissolved in acetone and water added to repre- 
ei pi late. This process is repeated until it ceases to give a milky fluid 
when the water is added, in which case also the compound is completely 
soluble in alkaline hydroxide. The product is then dried over sul- 
phuric acid. It crystallises in silky needles which melt at 100° 0, on 
rapidly heating, but if kept at 9() u C. for a time the compound liquefies 
and loses the elements of water. 


Aryl Derivatives of the Type (ILSiO),/). 

Silieobenzoie anhydride - is prepared from orthosilicobenzoic ester, 
SK! n H J<XUn 6 ):i. by first converting it into the corresponding acid by 
aqueous hydrogen iodide, and then dissolving the acid in alcoholic 
sodium hydroxide and passing in carbon dioxide. The precipitate is 
washed with absolute alcohol and the solution evaporated. The solid 
is finally washed with water and dried at 100° The anhydride, 
(SiC 0 H /())./), is an amorphous, colourless solid, moderately soluble in 
ether, less soluble in alcohol, and very slightly soluble, in water. It is 
readily soluble in aqueous potassium hydroxide. Addition ot ammonium 
hydroxide in excess yields silieobenzoie acid, and the anhydride heated 
with potassium hydroxide furnishes benzene. 

fttlicotolulc anhydride 8 is prepared from tolyl silicon trichloride 
by decomposing it with ammonium hydroxide and heating the product 
at 200” (!. The formula corresponds to (G 7 H 7 Si()) 2 ( >, but; at a lower 
temperature it is probably (’ 7 n 7 Si().d 1, the corresponding acid. It has 
similar properties to the silieobenzoie anhydride. 

Aryl Derivatives of the Type R^SiO. 

Diphenylsilicone, (('oU^SiO, has not been obtained in a crystalline 
form. 4 

1 Kipping, toe. cU, 

Ladrnburg, 1871), 6, S7U. 

3 Ladeiiburg* ibid,* 1874, 7 * !iH7. 

4 Kipping mid Lloyd, Trann. ( 'hrm Sac., 1901, 79* 
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Phenylethylsilicone, (C 6 H 5 )(C 2 H 5 )Si0. 1 - Phenylethylsiiieon db 
ehloride, a, fuming liquid, can he readily decomposed by water, giving 
an oil which appears to he the above ketone. 

Benzylethylsilieone - is produced in the same manner as the 
preceding compound, from bcmylethyldichlorosUieane. It boils at 
305° to 5° C. at 22mm., is not decomposed by the usual reagents, and 
gives no oxime or hvdrazone. The molecular weight in acetic acid 
solution points to the formula [(C c H 6 Cll 2 )(C 2 U 5 )Si(% 


Aryl Derivatives of the Type (R a Si) 2 0. 

Diphenylmethylsilicyl oxide is isolated by decomposition of 
diphenylmethylsilieol at its boiling-point/ 1 It forms hexagonal plates, 
M.pt. 51° to 52° 0., is very soluble in the common organic solvents, 
but sparingly soluble in cold alcohol. 

Diphenylethylsilicyl oxide, i(C! 6 II 6 ) a (C- a II fe )SiJ 3 < M.pt. HfHU if is 
prepared from diphenylethylsilicyl chloride by decomposition with 
water. 4 The silieol is first formed, and this passes into the correspond- 
ing oxide. 

Triphenylsilicyl oxide. 6 When triphenylsiiicol is heated with 
nitric acid in acetic acid solution it yields small, shining plates of tri- 
phenylsilicyl oxide, M.pt. 222" ('. 

Benzylethylbutylsilieyl oxide 4 is formed by the action of water on 
the corresponding chloride. It is a colourless, viscous liquid, insoluble 
in water, soluble in alcohol, and boils at 250 to 252 (\ The silieol is 
first formed, but soon passes into the oxide, probably due to traces of 
impurity, such as hydrochloric acid, 

Benzylethylpropylsllicyl oxide 7 is formed in a similar manner to 
the previous compound. It boils at 250" Ch 

Sulphobenzylethylpropylsilicyl oxide 8 is prepared by sulpluma- 

titm ol 1 >e i 1 y,y 1 e t hy 1 p ropy Is i 1 icy 1 oxide using sulphuric and eldufosulphonic 
acids. ^ The body produced is identical with that prepared by sulpluma- 
tion ol (11 - 1 >ei izylethylp ropy Isi 1 icol. This latter compound is isolated by 
the following series of reactions : 


SiCl 4 d MgKtBr SiBtCI a j MgCIBr 

SiKtChj | MgPhBr SiKtPhCl* \ MgCIBr 

SiKlBhC'l* | MgPrEr KiKtPhRrUI J MgCIBr 

SiKt PhRrC'l I MgBzCl SiKtPliPrBz | MgUl, (By. benzyl) 

SiKtPhPrBz ) H*0( | II*S0 4 ) Hi BtPrBzOIl 1 (?*!!*{ f II 2 SO t ) 


Tlie silieol formed gives with sulphuric acid a mixture of sulphouie 
acids, one ol which has been isolated as the ammonium salt. It. is found 


1 Kipping, Prtrn, (Mem, tine,, Him, 20, 15 , 

* Kipping, ihuL, 1905, zi f 65, 

8 Kipping, J, ahem. AVjc.,' 1927, p. 104, 

* Mararimi ami Kipping, Tram. ('hem, tine., HNlH, 93, His. 
s Kipping and Lloyd, Tram, ('hem, tine., HH>|, 79, 449, 

? bad ami Kipping, Tram, ('hem, tine,, HNW, 93, 2004, 

7 Maminn ami Kipping, Tram, ('hem, tine,, 1 90 S, 93, HIS, 

* Kipping //«"*• Mm. M*., 1007, 23, 0j Mamdou »iul Kii»>in X , 
HlOH, 24. 1« ; Kipping, Prim, Phem, tint,, 1 90S, 24, 47, 


Pine. 


t item. 


tine, f 
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to he a derivative of the corresponding oxide, and possesses the con- 
stitution, 

SO.,Il.C a l 1 4 CH 2 .SiKtPr -O — -PrEtSi.CI I a C a H 4 .S0 3 H 

It is the externally compensated compound, and though many of its salts 
with optically active bases crystallise unchanged, the deMro-methyl- 
hydrindamine salt can be resolved by fractional crystallisation from 
aqueous methyl alcohol. 

The dll dA-sa.lt is the more sparingly soluble, M.pt. 205° C. The 
impure dll l A-sa.lt is from the most soluble fractions, and melts about 
1»5° C. 

The III /A-salt has been prepared by resolving the acid with Z-methyl- 
hydrindamine. 

'I'he two optically active acids have very low specific rotations 
(roughly, [a|i> but there appears to be ample evidence of their 

enantiomorphous relationship. Although the acids contain two asym- 
metric silicon groups, the speeilie rotations are only [a]i>±5-8° to 5-<)° 
for the sodium salts. 

The </A dll- and ZA /B-methylhydrindamine derivatives vary con- 
siderably in outward properties from the dA III- and IA dl {-compounds, 
which have a. gelatinous or horny nature, but all four salts have in 
methyl alcohol solution a specific rotation of |a|i> j-15" to 10°. 

dA ZB- and IA ZB-rnenthylamine salts are almost indistinguishable 
from each other or from the salt of t he dZ-aoid. This is also true for the 
corresponding three d-lmnylamiw compounds. The ciuchanidiiw and 
ciitcJiiinidhif hydrogen salts of I he two active acids di ffer a little in melting- 
points, 

(ilrSu I phohenzylethyl propyLsiUeyl oxide is decomposed by hot; con- 
centrated sodium hydroxide, giving puratolucne sulphonie acid. 

SulphobenzylethylisobutylsiHcyl oxide 1 can be obtained from 
any of the following bodies : 

1 . Benzylethylkohutyhi llieyl chloride , Si.Kt(C 7 II 7 )(C*I 1 0 )C1, B.pt. 198° 
to 202° V. at 100 mm. 

2. Iknzylethylimhui yldlieol, B.pt. 102° to 164° C. at 25 mm. 

n. Benzyl cl hyl usobutykilicyl oxide, [SiEt(C 7 H 7 )(C 4 n 0 )] B O, B.pt. 250° 
to 252° (\ at 20 mm. 

These compounds when sulphonated with ehlorosulphonic acid and 
sulphuric acid each <pve a mixture, from which the same dl-aeid, namely, 
dl-sulphobenzylethylkobutifLyi lieyl oxide is separated as its BinentJiylamihe 
mlt, | Si Kt(C 4 I I )CT I I »HO a H J a (),2C 10 I l g |N.4II g(), M.pt. 240° to*245“ (b, 
[a | 0 1 4*7“, in methyl alcohol solution. 

d/-Sulph<>lH‘nzyl(‘thyIis<)butyIsilieyl oxide is resolved into its optically 
active components by fractional crystallisation of its d-nicthylhydriii- 
damine mlL The pure dA r/B-salt melts at 207“ to 209“ (!.* and its 
speeilie rotation in methyl alcohol solution is |a]n |U>*7“. The speeilie 
rotation of the so<lium salt of the d-ueid is [a]j> | 10*4“. 

Tlie pure IA IB-salt has M.pt. 207° to 209“ C. ; (a]i> * 17*0° (in methyl 

alcohol solution) is produced by fractional crystallisation of the salt of 
the dl-aeid with Imiethylhydrindamme. The speeilie rotation of the 
sodium salt of the pure 2-add is [ajn - 10*5“. 

d-Methylhydrindamine l-sulphobenzylethylisobutylsi lieyl oxide and 

1 buff and Kipping, Prm, (Jhem. *SW., ISOS, 24 . 224 and 236. 
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the corresponding dA ZB-salt are prepared by combining the optically 
pure acids with d- and Z-methylhydrindamine respectively. * They are 
oils at ordinary temperatures. 

Z-Menthy lamin e d-sulphobenzylethylisobutylsilicyl oxide crystallises 
well with 4H 2 0. It melts when anhydrous at 2*54° to 258° C., [a]o —-13*9° 
(in methyl alcohol solution). The salt of the Z-acid is very alike in 
properties, M.pt. 253° to 259° C., [a] D -17-2°. The salt of the dZ-acid 
melts at 240° to 245° C., [ci]d —14*7°. 

d-Bornylamine d-sulphobenzylethylisobutylsilicyl oxide melts at 209° 
to 211° C. The salt of the Z-acid melts at 210° to 212° C. 

Cinchonidine d-sulphobenzylethylisobutylsilicyl oxide crystallises in 
needles, M.pt. 171° to 173° C. The salt of the l-acid has M.pt. 181° to 
183° C. The specific rotations of the two salts are almost alike, the 
values being [a] D —68-5° and [a] D —69*3° respectively in methyl alcohol 
solution. 

The cinchonidine hydrogen salts of the and Z-acids are crystalline 
and decompose at 232° to 234° C. and 229° to 231° C. respectively. 

Dibenzylmethylsilicyl oxide 1 is prepared in a similar manner to 
the previous oxides, by decomposition with water. 


Heterocyclic Organo-Silicon Compounds. 

A Polymeride of Cyclopentamethylenesilicone 2 is isolated by the 
following reactions : Cyelopentamethylenesilicon di chloride is obtained 
by the action of the organo-magnesium compound derived from I : 5 
dibromopentane on silicon tetrachloride in ethereal solution. Cyclo- 
pentamethylenesilicon dichloride, 


CII 2 < 


CH 2 .CH 2 > 

ch 2 .ch 2 ' 


>SiCl 2 


is a clear, pungent liquid, B.pt. 169*5° to 170*5° C. at 764 mm. (corr.) ; 
density 1*1560 at 20° C. ; nx> 1-46973 at 20*2° C. This body is hydro- 
lysed by water with production of a yellowish-brown solid, which is 
possibly a polymeride of cyclopentamethylenesilicone, 


CH 2 < 


ch 2 .ch 2 > 

ch 2 .ch 2 ^ 


>Si=0 


If instead of silicon tetrachloride, dimethylsilicon dichloride is used, the 
product of the above reaction is dimethyl cyclopentamethylene- 
silicane, 

/CH*.CH 2X 

CHo< “ >SiMe, 

\ch 2 .ch/ 

It is a colourless, easily inflammable liquid of slight camphor-like odour, 
B.pt. 133° to 134° C. at 752*9 mm. (corr.) ; density 0*8039 at 20° G. ; 
n D 1*43940 at 20*1° C. 3 


1 Kipping and Hackford, Proc. Chem. Soc., 1911, 27 , 8 ; Tram. Chem. Soc., 1911, 91 , 
138. 

2 Bygden, Ber ., 1915, 48 , 1236. 

3 An attempt to obtain diethylcyelopentamethylenesilicane gave an' impure product, 
B.pt. 184° to 194° C. 
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Arijl Derivatives of the Type RSi0 2 H. 

Silicobenzoic acid 1 is isolated from phenyl silicon trichloride by 
the action of alcohol and subsequently hydriodic acid. Silicobenzoic 
add friethy tester is first obtained, B.pt. 235° density 1-0133 at 0° C. 
and 1*00 55 at 10° C. This is completely decomposed by hydriodic acid 
(B.pt. 127° C.) as follows 

l > hSi(()Kt) a +SIII==PhSi0 2 lI+3KtI +II 2 0 

The compound melts at 92° C. to a viscous liquid, soluble in aqueous 
alkali, but not reprecipitated at once by dilute hydrochloric acid, though 
the solution becomes slightly cloudy. If allowed to stand for twenty- 
four hours, however, the acid completely separates out. If a solution 
containing excess of potassium hydroxide be evaporated to dryness the 
potassium salt of the acid is not obtained, but the reaction seems to go 
as follows • 

PhSi0 2 K 4 KOH — C 6 lI 6 +Si0 3 K 2 

Preparation of pure salts of silicobenzoic acid is not satisfactory. At 
1 00 w C. the acid changes to the anhydride , (PhSiO) 2 0- a white, 
amorphous powder. The anhydride with excess of ammonium liydroxidc 
changes into the acid again, and with potassium hydroxide it yields 
benzene. 2 * Silicobenzoic acid, or phenyl-metasilieie acid as it was called, 
may also he prepared by the action of dilute ammonium hydroxide on 
phenyl silicon trichloride. On hydrolysis with wafer the body possesses 
the same transparent vitreous properties. Other conditions of prepara- 
tion give different results. In the course of formation of diphenyl- 
silicon diehloride from silicon tetrachloride, bromobenzene, and mag- 
nesium in the presence of ether, some low fractions consisting of bromo- 
benzene and phenylsilicon t richloride were treated with steam to remove 
the former compound, and a white, brittle solid was left. To prove its 
nature pure phenylsilicon trichloride was treated with steam" and the 
white solid repeatedly extracted with ether. The insoluble residue was 
dried at .120° V., and analysis showed it to be the anhydride of phenyl 
metasilieie acid. The work of Meads and Kipping seems to point to 
the possibility that the so-called silieonie acids are merely mixtures (see 
phenyl silicon trichloride). The composition of various fractions 
obtained from decomposition of phenylsilicon trichloride with water 
approximated to Cgtl fi 8i0 2 II, but experimental work showed that the 
so-called phenylsilicon ie add, was a complex mixture of condensation 
products of the trihydroxy-eompound, PhS^OH 

Tolylslliconic acid. There can be little doubt that this and its 
anhydride are also mixtures. 2 

a ~ Siliconaphthoic acid, (! 10 II 7 Si() 2 H, 4 is prepared from the 
corresponding trichloride, C I0 lI 7 SiCI a ; it melts at 125° to 130° C. to a 
blistering mass. It is difficultly soluble in aqueous potassium hydroxide, 
but easily in alcoholic potassium hydroxide, 

1 Krkdcl and Ladcnhurg, Anmdm , 1871, 159 , 259; Ladimburg, Her., 1873, 6 , 379. 

2 Kipping and Huckford, Tram. Ohvm . Hoc., 1911, 99 , 138; Moadw and Kipping, 

Tram, < hem. Hoc., 1914, 1 05 , 879. 
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. try I Derivatives of the Tape It.Si(OEt ) ;! . 

Silicobenzoic acid triethylester 1 is formed from the trichloride by 
the notion of alcohol. 

PltSiCl 3 -f 3 CaH 5 O.il PhSi{OEt) ;t 1 

The ester boils at 205" C., and has density 10108 at 0 C. and 10055 at 
10 ° C. 

Ethyl ortho-2 : 4 - dimethylsilicobenzoate, C li n :! Me._,Si((>Kt). 1 , 
Ii.pt:.. 208' to 271 11 0 ., is prepared from ethyl or! hosilieate and magnesium 
m-xylyl iodide . 2 

Benzyl orthosilicic acid triethylester is isolated from benzyl 
silicon trichloride by treatment with alcohol. It is a colourless oil, II. pt. 
170" to 175" C. at 70 mm . 3 

a-Orthosiliconaphthoic acid triethylester, (’,„ll r Si(OEl is 
produced in a similar manner to the previous compound. The pure ester 
boils at. 808" to 2120 " C. at ordinary pressure with partial decomposition, 
or 174° to 177" C. at 15 to 18 mm .* 6 

Aryl Derivatives of the Types, Si.(OH 1 )(OH 2 )(OH :, )(OH t ) : 

X.Si (01 1 1 ) (< ) B 2 ) (O K 3 ) ; and X 2 Si(OH‘)(OH 2 ). 

These are obtained from silicon tetrachloride as shown by the follow- 
ing equations :■ (i 

Sitll 4 | PhOII > KiCl ;l .OI>h. 1 HCI 
KiCLOPh | SMeOll » SiCh.OPh.OMe i 11C1 
SiCl.,(OI>h)(()Me) 1 EtOII - SiCl(01*h)(OMe)(OEl ) 1 UC1 

Phenoxymethoxysilicon dichloride is a eolonriess liquid, It.pt. 
210" C. at 752 mm. It readily decomposes with water, {jiving silicon, 
hydrochloric acid, methyl alcohol, and phenol. Ethereal ethyl alcohol 
added to the above compound yields phenoxymethoxyethoxysllicon 
chloride, an oily liquid, lt.pt. 20" V. 

Methoxyethoxysilicon dichloride is a colourless liquid, It.pt. 
128" C. With isobutyl alcohol this body gives inetho.eyetho.t'yisnlmto.vy- 
silicon, chloride, Si(OMe)(OKt)(OBu )(,'{, u'liqtiid, lt.pt. 150" to 100" V. 

Phenoxymethoxyethoxysllicon chloride cannot be resolved owing 
to its sensitiveness to moisture. It reacts with the salt, of an optically 
active acid, but decomposes even over sulphuric acid, 

Phenoxymethoxyethoxymenthoxysilicon, Si(()Me)(OEt )(OPh) 

( 0 (',(|M I# ), lias been prepared only ns a thick, colourless oil, which could 
not he crystallised. 

Aryl Derivatives of the Types, R.,Si Hilt.,; it 'IPlPSi.Sitt 

Ilexaphenylsillcoethane. 7 Five grams of triphenyl silicon chlor- 
ide in 150 to 200 e.e. of xylene and 2 to 0 crams of metallic sodium are 

1 Knt'tlrl and Ladonburg* Annakn * 1871 , 159 , 2/iil. 

a Kind dinky and SurugcnkofT, Hn\ t 1008, 41, SMWih 1 

;f Martin and Kipping, Tran*, < hem, UH10, 95, 102, 

4 IU r. % 1 1108, 4 X, 1100 ; Khotinnky ami Si-rugunk-dT, llos, 41 * 21 H> ; 

Kholmaky, i/aV, , 1101 , 42 . ,1088, 

s K hot i flaky and Mulznr doamlw ilw vnivr an a think ihpiid of aromatiu odour, H,ni t 
220 ? " to 2W' (\ at 18 mm. 

a Kipping and Lloyd, Trttntt, < % m. Sn<\ t 1001, 79 , 440, 

7 Srldriik, Running, and Karky, Hn\, 1011 , 44 , 1178. 
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boiled in a dry nitrogen atmosphere with frequent shaking for two hours. 
The lilt rate then deposits thin prisms, with oblique terminal faces of 
hexaphenylsilieoethane, Ph ;l Si— SiPh a , M.pt. 351° C. 

dl-Diphcnyldiethyldipropylsilicoethane, EtPrPh.Si.Si.EtPrPh. 1 

A freshly prepared specimen of phcnylethylpropylsilicon chloride 2 is 
diluted with an approximately equal volume of dry xylene, then sodium 
in slight excess of the theoretical amount required is added. When 
heated to the boiling-point sodium chloride separates; the mixture is 
well shaken at intervals and intermittent boiling continued for twenty 
hours. After lilt ration, the residue is washed with a little xylene and 
the lilt rate distilled at diminished pressure (50 mm.), when the xylene 
distils over. There are three fractions : 20 per cent, of the whole, B.pt. 
H>5° to 225" (A; 00 per cent,, slightly fluorescent, B.pt. 225° to 275° (I, 
and a viscous, yellow, oily residue. Further distillation yields a colour- 
less liquid, B.pt. 205 ’ to 270" C. at 100 mm., this being diphenyldiethyl- 
dipropylsilieoetlmne by analysis and molecular weight determinations. 
The yield is nearly 50 per cent. This is probably due to the presence of 
phenylethylsilieon dieliloridc and phenylethyldipropylsilieane with the 
re<p tired phenylet hylpropylsilieon chloride, 

I)iph( k nyIdiethyldipropyisilieoetlmne is a. rather viscous liquid, with 
a faint, pleasant, aromatie odour, and its density is less than water. It 
is only slightly volatile in steam, is slightly soluble in cold methyl alcohol, 
but easily so when warmed. It is miscible with acetone and most 
organic solvents. Bromine water reacts with the silieoethune, giving no 
doubt bromobeiv/ene. Conceit tmted sulphuric acid at 100° (A causes 
formation <0* bon acne, in which reaction the compound resembles other 
silicohydrocarbon derivatives which contain a phenyl group. Unlike 
other compounds which contain silicon atoms in direct combination, 
diphenyldiethyldipropylsilieoetlume is stable towards hot solutions of 
alkali hydroxides. This is possibly due partially to the insolubility of 
the body in aqueous solutions, but even with sodium ethoxide in aqueous 
acetone there is no appreciable evolution of hydrogen. 

dl-DibenxykliethyldipropylsiHcoethane, FiPi^C^H^.Si.SiEtPr 
(C 7 II 7 ), 8 is obtained from henzylethylpropylsilieyl chloride in a similar 
manner to t he* preceding compound. The contents of the flask, however, 
are boiled only ten hours, and give no reaction for combined halogen. 
The product; seems to he a complex mixture and is distilled at B0 mm., 
when four fractions are isolated : (1 ) B0 percent, of the product, B.pt. 185° 
to 100 " (\; (2) 55 per cent., B.pt, 100" to 240" (!.; (B) 10 percent., B.pt. 
240" to BOO" (A; (4) 5 per cent,, dark brown residue. Refraetionation 
gives a fraction 185 to 100 ‘ t ■, which is mostly dibenzyl, and the principal 
fraction boils at 240" to 250" 0. at 20 mm. This is distilled into two 
products : ( I ) 240" to 244" <A ; (2)244" to 248° (A at 20 mm. Both these 
portions are found by analysis and molecular weight to be almost pure 
dibenzyldiethyldipropylsilieoethane, but the higher fraction (244° to 
248° C.) is the purer sample. 

The body is a colourless, moderately mobile liquid, with a faint, 
pleasant smell, and is specifically lighter than water. It is sparingly 
soluble in cold methyl alcohol and miscible in most organic, solvents* 
It is practically stable in aqueous alkali hydroxides, and there is no gas 

* Kipping, Tram, Ohm, 1921, 117 , 947. 

% Kipping, ibid*, 1907, 91 , 2 IS, 

* Kipping, ibid. 
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evolution when the compound is warmed in a solution of sodium 
methoxide in methyl alcohol. It slowly decolorises bromine in 
carbon tetrachloride solution and fumes are evolved. An acidified 
solution of potassium dichromate is not appreciably oxidised by the 
silieoethane, 

Sulphonation qfdl-dibenzyhluilri/ld^ A pale yellow 

emulsion is formed when a quantity of the silieoethane is shaken with 
concentrated sulphuric acid. On gentle warming the emulsion gives 
place to a solution which dissolves in cold water. The solution is 
neutralised with ammonium hydroxide, and when an aqueous solution 
of brucine hydrochloride is added a colourless precipitate is produced, 
which gives colourless needles when crystallised from acetone. When, 
however, a larger quantity of silieoethane is allowed to stand at the 
ordinary temperature with sulphuric acid, after some hours it changes to 
a water-clear solution, and this does not all dissolve in a relatively small 
quantity of water until ammonium hydroxide is added. 

Brucine hydrochloride gives a precipitate as before, which is easily 
soluble in cold acetone, but does not separate in crystals as previously. 
The brucine salt from the two experiments has hern fractionally pre- 
cipitated from a solution in hot chloroform by addition of bem/ene. A 
gelatinous powder results, and this is no longer completely soluble in 
acetone. The insoluble portion is recrystallised, using the same solvents, 
and finally a colourless powder is obtained which seems to be the 
brucine mlf of the disulphonie acid. 1 
Formula : 


Si, Kl. Pr.U 1 1 2 ,C n I I , t S( ).,1 1 

i 

Si. lit. Pr.C II 2 .C'„I i ,H( ),,! I 


.&!, 3 M 3 'O t N 3 .2!i s O 


UMeuthyUnnim salt of the disulphonie acid of dihenyfldiethpldi propyl* 
.silieoethane , The brucine salt does not crystallise well, so an aqueous 
solution of the ammonium salt of the disulphonie acid is treated 
with an aqueous solution of /-menthylamine hydrochloride until there 
is no more precipitation. The precipitate is filtered and washed with 
water, then with methyl alcohol. At, first a clear liquid comes through 
the filter, then lustrous crystals separate, but these become pasty as 
filtration is continued, and addition of water only gives a pasty com- 
pound. The crystals cannot be obtained again; possibly they appear 
owing to a favourable concent ration. The pasty menthylamine salt 
is dried and crystallised from acetone, giving a colourless powder. It 
is further purified by using a mixture of acetone and methyl alcohol, 
and finally it is crystallised from wet ethyl acetate. The salt produced 
is doubtless the normal l-menihylamine mil of the disulphonie acid, 
formula, U •,* H ;m O 6 S 2 Si r 2C j 0 1 1 2 j N J J H a O, a Under the microscope the 
colourless powder appears in fern-like crystals ; the anhydrous salt 
sinters about 208“ (!,, and melts at about TMf C. It is more* soluble in 
wet than dry organic solvents. A solution of the sodium salt of the 
menthylamine salt seems quite optically inactive ; the solution gives 
precipitates with d-hydrindamme and d«met liylhydrint famine hydro- 
chlorides. 

1 An air dried wimple lent 5*1 p*r cent, of water at UK)” it* ami the fiftbydmtm mitt 
wan hygroHanpic, 

% An air drird wimple lent 5*2 to 5*2 per rent, of water at tCKf 4 C. 
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Aryl Derivatives of the Type Si 4 Ph 8 and [SiPh J*. 1 

When metallic sodium and diphenylsilicon dichloride (rather more of 
the metal than calculated for the proportion 2Na : SiPh 2 Cl 2 ) in 3 to 10 
volumes of toluene or xylene are heated, reaction occurs“as the sodium 
melts. In some eases the metal was added in small quantities, and in 
others the dicldoride was added slowly to the metal, but either process 
gives the same result. From the solution, six-sided crystals separate 
(A), and the solution is cooled and filtered, the dark blue residue being 
extracted with boiling toluene. This extract deposits crystals of (A), and 
from the mother-liquors a second crystalline substance (C) is obtained. 
The dark blue powder, treated with alcohol-acetic acid, then with water, 
gives a small quantity of lloeeulent substance (D). 

The residue from the original toluene or xylene filtrate is a resinous 
mass on evaporation, most of it (E) dissolves readily in acetone, leaving 
a colourless powder from which three crystalline compounds have been 
obtained ; (A ) which is only sparingly soluble in boiling toluene, (B) which 
is readily soluble in cold toluene, and (C) which is even less soluble than 
(A ). Those compounds are dealt with below. 

U (maturated ” Silicohydrocarbon, Si 4 Ph 8 , (A). This com- 

pound crystallises from boiling benzene in short, Hat, well-defined 
prisms, melting about 335" (!. It is insoluble in most common solvents 
at the ordinary temperature, but is appreciably soluble in benzene or 
toluene, and easily in boiling aniline, benzyl alcohol, or phenol, but 
prolonged boiling tends to decomposition. .It is comparatively stable 
to boiling aqueous alkalies and sodium mefhoxide in alcoholic solution, 
but is rapidly decomposed by boiling with wet piperidine. With iodine 
in benzene solution it is transformed to oetaphcnyldi-iodosilicotctranc. 
When boiled for three to live minutes with tctraehloroethane, a crystal- 
line product is isolated which melts ait about 180" 0., and is supposed 
to be the dichloride , Si 4 Ph H (T r The u unsaturated ” silicohydrocarbon 
is decomposed after live minutes’ boiling with nitrobenzene, giving the 
(hvide Si 4 Ph 8 O a or dud Si l I > h H (OII ) 2 . 

The silieo-hydroearhon also undergoes atmospheric oxidation, is 
oxidised by boiling with benzaldehyde, ethylene dibromide, bromo- 
benzene, or phosphorus tribromide, or bv ozone, when the hydrocarbon 
is covered with carbon tetrachloride and dilute ozonised oxygen passed 
in. In all eases the oxide, Si 4 Ph 8 0, is isolated, and from these reactions 
Kipping has suggested that this compound may contain tcrvalent silicon, 
and be represented by . . » Si Plu.Si Ph 8 .SiPh 2 .SiPh a . * 

Octaphenyldi-Iodosilicotetrane, Si 4 Ph 8 I 2 , prepared from the 
hydrocarbon as stated above, is a colourless or pale-yellow product, 
which turns pink and then yellowish-brown on exposure to light and 
moisture. It crystallises from benzene or ether in lustrous, very acute, 
rhomboidal plates, which do not melt below 250° C. In cold ether it is 
only very sparingly soluble, moderately soluble in cold benzene, but 
these solutions soon turn brown on exposure to air. Hydrolysis of the 
compound by an amrnoniaeal solution of acetone yields octaphcnyl- 
silicanctet rune oxide, Si 4 Ph 8 C), and the rhomboidal oxide, Si 4 Ph 8 0. 2 ; the 
former oxide* is also obtained when the hydrolysis is carried out with 
aniline and wafer. 

1 Kipping anti Hand, Tran*. Qhem , 1921, 119, 830, 848. 

s Kipping, Trans, Chcm. Boc„ 1923, 123, 2590, 
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The iodide when treated with sodium in xylene solution gives 
sodium iodide and the u unsaturated ” silieohvdrocarbon. With 
magnesium ethyl bromide, the iodide yields aiiupht'ntjhlitihtfhilii'o- 
tetra?u\ which crystallises from aqueous acetone containing a little 
chloroform in Hat, transparent, rhomboidul plates, containing a mots, 
of water of crystallisation. When anhydrous, it melts at 2oU to 
25F ('. ; when heated with piperidine and sodium hydroxide, it decom- 
poses with (‘volution of hydrogen* 1 
Octaphenylsilicotetrane oxide, 

SiPho.SiFh.v 

| ~ >o 

SiPlu.BiPh/ 

Formed as just described by tin* hydrolysis of the di iodide, it crystallises 
in microscopic needles, different samples varying in melting-point 
between 220 1 and 200' F. It is only slightly soluble in cold alcohol, 
acetone, glacial acetic acid, ether, or chloroform, but may he crystallised 
from mixtures of chloroform, benzene, or acetone. From aniline, 
nitrobenzene, or hot ethyl aeetoaeetate it crystallises in rosettes of long, 
transparent prisms, which become opaque when warmed with acetone. 
Sodium hydroxide in acetone solution attacks it with evolution of hydro* 
gen. and nitric acid or hydrogen bromide in glacial acetic acid solution 
oxidises it to the rhomboidul oxide. 

The Rhomboidul oxide, 

SiPh„.O.SiPh,» 

i ‘ i ' 

KH > h g .O.Sil > l» ! j 

crystal list's from ethyl acetate, chloroform, or benzene in rhomhoidal 
crystals or in fern-like masses and is apparently dimorphous. It is less 
soluble in chloroform or benzene than the preceding oxide. It melts 
sharply to a clear liquid at 221 to 222“ F. 

Saturated Sillcohydrocarbon, OctaphenylcyclonUicotetnme, 
Si t jPh 8 , (B). This compound forms short, rectangular prisms, which 
do not melt at 400 ‘ l\, but soon beeomt* plastic if kept at this tempera - 
lure. It is very soluble in cold benzene, cold chloroform, or hot ethyl 
acetate, but. sparingly soluble in boiling acetic acid, and almost insoluble 
in cold acetone, ether, or alcohol. It is very stable towards iodine in 
benzene solution, bromine, tctruehloroethane, or nitrobenzene, but it is 
attacked by wet piperidine at IMF F. after several hours. From the 
decomposition products, diphenvlsilieanediol and tetni unhvdrotet ra- 
kisdipbenylsilieanediol have been isolated. The former of these two 
compounds is also obtained from the action of aqueous methyl alcohol 
or acetone solutions of alkali hydroxides on the si I ieo hydrocarbon. 
Nitric acid in acetic acid solution partially transforms the silieohydro- 
carbon to the rhomhoidal oxide.® 

Silicohydroearhon, [SiPh 2 ]„, (F), is deposited along with (A) from 
the toluene extract and requires prolonged extraction to remove it from 
tin* blue residue. When the blue salt, is treated with alcohol -acetic acid, 
then with water, (F) and (I)) arc obtained. These may be separated by 

1 Kipping, Trans. ( % m. 8w„ U)2:t, X?3, 251)8, 

3 An nmorphotiH form of oet aphony leyet milieotHrane hmt mamtly f ms pnipumi 
( Kipping, J. Vhrm . XV., 11)27, p. 2727). 
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prolonged extraction with boiling benzene or toluene. To separate (C) 
from ( A ), the latter is converted to the di-iodide, leaving (C) undissolved. 
The latter crystallises from benzene in lustrous, transparent, six-sided 
pyramids and rhombohedra. (C), unlike (A), is not affected by boiling 
tetrachloroethane or nitrobenzene, and it does not react with iodine in 
boiling toluene or bromine in chloroform solution at ordinary tempera- 
ture. Prolonged warming with acetic acid containing nitric acid, or 
with 50 per cent, nitric acid, does not affect it, nor is it acted upon by 
sodium hydroxide in methyl alcohol or piperidine and sodium hydroxide 
on heating. 1 

Silicohydrocarbon, [SiPh 2 ] n , (1)). To isolate (D) the dark blue 

residue containing sodium and sodium chloride is first extracted with 
boiling toluene until it appears to be free from (G), then added slowly to 
alcohol-acetic acid mixture, keeping the acid in excess. After addition 
of water to the mixture, the insoluble residue is washed with water by a 
diffusion process, then washed with acetone and extracted with large 
volumes of hot benzene. It appears to undergo slight atmospheric 
oxidation, and is more readily oxidised by nitric acid in acetic acid 
solution than (A), (B), or (0). If the mixture is heated, condensation 
products of diphonylsilieanediol are principally formed, and a similar 
result is obtained with an acetic acid solution of potassium perman- 
ganate. With nitrobenzene, potassium hydroxide, and piperidine- 
alkali mixtures, products are obtained which can be converted into 
diphenylsilieanedioh 

When an acetone solution of (K) is kept in a dosed vessel it deposits 
crystals of oetapheiiyk^ycdosilicotetrarie (B) a and a very small pro- 
portion of (C ). This seems to show that (K) undergoes a transformation 
into (B), An acetone solution of (K) when treated with alcohol gives 
at first a white, plastic precipitate, which can be pulled into long threads 
which change into a very brittle solid as the solvents evaporate. When 
systematic fractional precipitation is carried out and continued until 
each of the original fractions has been redissolved and rcprccipitated 
several times, the most sparingly soluble portion, now precipitated in a 
lloeeuient form, if again treated with cold acetone, usually gives a very 
small separation of (B), with traces of (C), and this separation of insoluble 
matter seems to continue indefinitely. Most of the original preparation, 
however, is merely resolved into fractious, all miscible with acetone, the 
more sparingly soluble of which consist ot an easily fusible, resinous sub- 
stance of composition [SiPhJ n which may be termed (Rj)* When (R) 
is obtained from diphenylsilieon dichloride ot about 95 to 97 per cent, 
purity, the product after two precipitations consists mainly ot (R,). 

The silicohydrocarbon (K x ). When preparations of [wSiPhJ* are 
fractional! v (extracted with boiling alcohol or boiling light . petroleum, 
or precipitated from hot phenol with alcohol, their properties undergo 
little change, and no crystalline product is isolated save traces of (B). 
Fractional diffusion of the acetone solution through glazed earthenware 
also fails to yield crystals. The preparations begin to sinter trom 11.0 
to UHf (L, but have no definite melting-point. They are miscible with 
cold other, benzene, and chloroform, separating out as glues, which 
become brittle, but arc only sparingly soluble in boiling light pd'roleum 
and very sparingly in boiling alcohol or glacial acetic acid. I he eom- 

i Kirming, Tram . ahem. Moe., 1924, 125, 2291. 

* Kipping, */, Vhem, 1927, p. 2719. 
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pound (K,) is not particularly reactive with iodine in cold benzene 
solution, and a little bromine is absorbed in carbon tetrachloride solu- 
tion, but it takes a Ion" time before the proportion reaches Hr. : (Sil'li.,).,. 
When (K,) in partial solution in glacial acetic acid is cautiously oxidised 
with nitric acid, it yields the rhomboidat oxide, p. *288, but it is almost 
entirely converted into crystalline and oily condensation products of 
diphenylsilicancdiol. 


Jctimi of Sodium on I’ltonn.n/diphrni/l.dlici/l Chloride. 

The pj/fii o.n/d iphnii/l si l i n/l chloride required for this reaction is pre- 
pared as follows : 1 One mol. of phenol in a little benzene is slowly added 
to diphenylsilieon bichloride at about 150 ('. Hydrogen chloride is 
evolved and the liquid is heated until no more "as is evolved (about three 
hauts), I lie product is then distilled at -Ml mm,, the followin'* fractious 
bein" collected : ‘200 to *210 ‘ ('. (15 to ‘20 per cent.) ; ‘250 to ‘200 V. 
(alxmt 15 per cent.) ; *280 ' to ,‘510 (’. (lar^e fraction ). 

Phenoxydiphenyisilieyl chloride, Si{( ; ) 1 H f> ) s! ('l.<H‘ li H, v is isolated bv 
turther fractionation of the portion, It.pt. *250 to 200 l\ It is a thick 
very faintly fuming oil, I5.pt. 252 to 25t C. at to mm„ miscible with 
pot tolcutn, soluble in 5 per t*t*i 1 1 . potassium ltvdfo.\idh,\ yirldtrti*' the 
potassium derivatives of phenol and of dipheiivlsilu-unediol. ‘ It becomes 
solid on standing in air, this substance after crystallisiuj* from benzene 
consist in" of t rianhydrotrisdiphenvlsilicnnediol. ‘ 

lljphcnthrydi'pheniflxiUcitnc. Si(V ( 1 H s ) a (<H', 1 H 6 ) !( . crystallises from the 
traction above 280” t’., but it requires fraetionatinj" nj*aiu to obtain a 
pure product. It crystallises from light petroleum in massive, colour- 
less prisms and oetahedra, M.pt. 70' to 71 very soluble in ether, 
chloroform, benzene, or acetone, moderately soluble in cold alcohol. 

I* reshly distilled phenoxydiphenylsilieyi chloride in 1 volumes of dry 
toluene is treated with an excess of sodium and heated. The metal 
becomes covered with a blue crust, and after two to three hours’ boiling 
some colourless crystals are deposited. The hot solution is tillered, the 
blue residue (I.) washed with toluene, and the combined filtrate and 
washing evaporated under reduced pressure. The colourless, oily 
product on treatment with light petroleum yields a crystalline precipi- 
tale (II.), and the hltered solution on dilution with more petroleum wives 
an oily separation (III ). The clear petroleum solution decanted from 
the oil g ives an oily deposit (IV.) when kept at o but even then 
contains a la rip* quantity of product (V,), 

Froin the residue (I.) only oetaphenylsilieotetrane is isolated. 

• .WPhenoxyomphenylsIIicotetranc, l’hO.j.Sil’h j opj,. The pre- 
eipitate (II.) consists of octuphenylsilicotctrime nmi'diphenoxyphelivl- 
siheotetrane he hitter being extracted by boiling henzems When 

(1 (‘lined 'rho n ' i‘l | r<,nl '"’nzene, it separates in well 

denned, ihombmdal pyramids and in prisms. M.pt 215 to “in (' It 

1m mxhll” "ivdoeir h< ‘r 1( ' d 1,ilM ' ri,li,H ' nu,i concent rab-d sodium 

H ^ • "f h |i S ' M m, i derivatives of phenol and diplienvkiiieano 

. r. • , !, y acetone, alcohol, and "laeial 

acid* but \ cry soluble 111 1 wall 1114 aniline 

,li„l ',!•"•> "" ,l ' IV ) '*>■ villi lislil l ,Hr„l,,,m. 

l!l[llll IIO.J llljllll-II, Ihllll'lllll* tlijilu-uvlsili, | |„. 

1 Kipping, J, i% m . s,h-„ 1927, p. 2728. 
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obtained, but the composition of other products has not been definitely 
sett led, and the same applies to the constitution of fraction (V.). 


Organ, wu’tallte Silicon Compounds containing Lead, Tin, and Arsenic. 

l , -/I’riethylsilyl - 4 - trimethylplumbyl-benzene, Et 3 SiC»H,Pb 
Me.„ is obtained from the magnesium compound of triethyl-p-bromo- 
phenylmonosilane and tri methyl lead chloride in ether. It is a colourless 
oil, soluble m absolute alcohol and miscible with ordinary organic solvents. 

° b . ron ” nc a t' ~ 75 ° 9; reniovc the aromatic group, giving 
(t 1I ;| )I bBr and Rt.,-p-Br.C # H,,Si. 'fri ethylsily 1-l-tri methyl nlumbyl- 
benzene has a amt smell, boils at 191° t’. at 17 mm., and docs notdecom- 
I lose on distillation; density 1-4032 at 20° C. ; 1-3997 at 23-8° C. • 
bfi b'179, n„ I -5 1-937, n„ (l 1-50240, n„, 1-57417, at 23-8° 0. 
l-TriethyLsUyl-4-trielhylstannyl benzene, Kt. ; ,Sit’. 0 il 4 SnEt.„ is 
similarly prepared from Hie magnesium compound of triethyl-p-bromo- 
phenyl-monosilane and triethyl tin bromide. It boils at*2I4° C at 
18 mm. ; density 1-1210 at 21-2° C. ; n lu 1-52310, n„ I -52750, 'n,,,, 
1-53888, n ||, 1-5 1-80 1-, at 21-2" C. ' 

1 -TriethyIsilyl-4-diphenyIarsyI benzene, Et 3 Si.C 8 II,,.AsPh.„ is 
produced from the sodium compound of diphcnylchloroarsine and 
triel by 1-p-ehloropheny 1-monosilane in ether and a little acetic ester. 
It is a colourless oil, B.pt. 270° to 281° C. at 17 mm. ; density 1-1073 at 

C'.; n„„ 1-00784, n„ 1-01455, n m 1-03181, n„ T 

1 *04718, lit 21*8 ( . 

It. is slightly soluble in methyl alcohol and easily in ethyl alcohol 
and the ordinary organic solvents. 


Grkmanium. 

Alkyl Derivative# of Type R t Ge. 

Germanium tetrachloride has been selected as the starting-point for 
several of these organometallie compounds because it is easily obtainable 
in a high degree of purity.® 

Germanium tetramethyl, Ge((TLj) 4 . a In 1871 Mendeleeff pre- 
dicted that germanium or eka-silieon would form volatile organometallie 
compounds, and it was Winkler, the discoverer of germanium, who in 
188(1 first; produced germanium tetraethyl. Germanium tetramethyl is 
obtained by the Grigimrd reaction, and as it is impossible to separate it 
from ether in the vacuum distillation apparatus, 1 * 3 4 it became necessary 
to reduce the quantity of ether, which made a, specialised apparatus 
compulsory. Twenty grams of magnesium turnings and 200 c.c. of 

1 Criltfner and Krause, Her., 1917, 50 , 1559. 

3 It was first obtained for this purfMisc by passing chlorine over crystalline germanium 
at fairly high tent fierat urea (Dennis and Haner, J, Amer, ('hem. fiocf, 1922, 44 , 304). To 
livobl (ho pro para U«»n of metallic germanium from the dioxide another method has since 
boon used (Tnbern, OrmlofT, and Dennis* ./. A mrr. ('hem. >SV„ 1925, 47 , 2039). (Jermanium 
dioxide was MUK{M*nded in concentrated hydroehlorie acid and hydrogen chloride passed 
into the warm liquid. At To C« germanium tetrachloride distilled with traces of hydro- 
chloric acid, _ By means of a special piece of apparatus all the acid was removed and very 
pure germanium tetrachloride produced. 

3 Dennis and Hanee, ./. Phymmt (Jhem. f 1920, 30 , 1055. 

4 JUubengayor and Corey, J. Phymmt VJkm, t 1920, 30 , 1043. 
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dry ether are mixed and cooled in ice and salt, and 80 grams of methyl 
bromide in 100 grams of dry ether at —20° C. are slowly added to the 
mixture with brisk stirring. When the reaction ceases the contents of the 
flask are boiled for about half an hour, and then the ether is removed — 
the last traces by suction. Two hundred c.c. of dry xylene are then 
introduced. Germanium tetrachloride, 1 mol. to 8 mols. of Grignard 
reagent, is 'slowly added to the magnesium methyl bromide, the latter 
being kept warm. When the reaction ceases the ether is liberated 
and "the xylene kept back by two condensers in the apparatus. The 
liquid remaining is fractionally distilled, and the greater part passes over 
at 34° C. Repeated fractionations, however, do not remove the ether 
from the germanium tetramethyl. Consequently the mixture is treated 
with about twice its volume of cold concentrated sulphuric acid, and the 
heavy layer of ethyl sulphuric acid separated from the lighter organo- 
metallic compound. This is washed several times, then dried over 
calcium chloride, and an arc spectrum revealed the product to be practi- 
cally free from impurity. Germanium tetramethyl is a colourless, 
oily liquid, of a pleasant, sweet odour, resembling chloroform to some 
extent, and totally different to germanium tetraethyl. It burns with a 
sooty flame, which is yellow on the outer surface and deep-red on the 
inner zone. Nitric acid slowly oxidises it at 0° C., chlorine acts upon 
it rapidly in the cold, but bromine is much slower in action. Iodine 
has no effect for forty-eight hours. Germanium tetramethyl is soluble in 
alcohol, ether, and benzene, and it melts at about —88° C. and boils at 
43*4° C. The index of refraction at 23-5° C. is 1-3868, and two density 
determinations at 0° C. are 1*003 and 1-009. 

Germanium tetraethyl . 1 — Winkler first obtained the compound 
from germanium tetrachloride and zinc diethyl, but the sample was not 
pure. Dennis and Hance started with pure zinc diethyl, using the 
reaction of Laehman, 2 heating ethyl iodide with zinc-copper couple at 
100° C. They used a series of vessels, so arranged that the zinc diethyl 
was made, purified, and transferred without contact with the atmosphere. 
The zinc-copper couple is prepared by heating 25 grams of zinc dust and 
200 grams of powdered copper oxide in a current of hydrogen at about 
550° to 600° C. till reduction is complete. This is crushed in an agate 
mortar and mixed with an equal weight of dry sand which has previously 
been treated with boiling hydrochloric acid. The sand facilitates the 
penetration of the powder by the ethyl iodide. 

The reaction between germanium tetrachloride and zinc diethyl, 

2Zn(C 2 H 5 ) 2 +GeCl 4 =2ZnCl 2 +Ge(C 2 H 5 ) 4 

is found to be catalysed by one or both of the products. The zinc 
chloride does not seem to affect the speed of the reaction, but when 
germanium tetraethyl is used, although the reaction starts lethargically, 
it soon becomes so rapid that it is difficult to control. When, however, 
germanium tetrachloride containing both zinc chloride and germanium 
tetraethyl is run into zinc diethyl, the reaction continues smoothly to 
completion. The pasty mixture is freed from zinc diethyl by adding 
small pieces of ice until the latter is decomposed. A 10 per cent, solution 

1 Winkler, J. prakt. Chem., 1887, 144 , 177 ; Dennis and Hance, J. Amer. Chem. Soc., 
1925, 47 , 370 ; Tabern, Orndorff, and Dennis, ibid., 1925, 47 , 2039. 

2 Lachmann, Amer. Ghem. J., 1900, 24 , 36. 
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of sodium hydroxide is next added and the mixture distilled in steam. 
Germanium tetraethyl and water are collected. After a second steam- 
distillation the tetraethyl is separated, dried over calcium chloride, and 
again distilled. 

Germanium tetraethyl has also been obtained by the Grignard 
reaction. Forty-four grams of ethyl bromide and 9*6 grams of mag- 
nesium are converted into ethyl magnesium bromide in the presence of 
-00 c.e. of ether. To this is added 10*7 grams of germanium tetra- 
chloride in dry benzene. During the addition the liquid is stirred and 
boiled, and then warmed on a water-bath for three hours. Ice and acetic 
aeid effect the decomposition, the organic solvent layer being separated 
and the benzene and ether removed by distillation. The residue boils 
between 155" and 165° C. It is twice treated with concentrated sul- 
phuric aeid, washed, dried, then fractionally distilled. The germanium 
tetraethyl comes over between 1 62*5° and 103° 0. (uncorr.), yield 60 per 
cent. It is a colourless oil of pleasant, characteristic odour. 1 * * The 
compound burns with a liame whose outer part is yellow and inner zone 
ml, shading to blue near the burning liquid. It is slightly soluble in 
water, and soluble in many organic solvents. It is di Hi cult to oxidise, and 
chlorine reacts with it but slowly. Germanium tetraethyl boils at 
1 68*5" and melts at -90" 0,; density 0-9911 at 24-5° C. ; n 1-448 at 
17 * 5 ' 0 . 

Germanium tetrapropyl, <5c((’ n II 7 ), a . It is prepared in the follow- 
ing way : Propyl magnesium bromide is made from 50 grams of 
propyl bromide, 9*6 grams of magnesium, and 200 c.e. of ether. When 
the reaction ceases the ether is distilled off and replaced by dry benzene. 
Eleven grams of germanium tetrachloride in dry benzene are slowly 
added with constant stirring and boiling. After further boiling for 
an hour the mixture is decomposed by ice and acetic aeid, the solvent 
layer being separated off, dried, and distilled. The fraction boiling 
between 200° and 280° is shaken with concentrated sulphuric acid, 
and again washed, dried, and distilled. Most of the oil boils at 225° 
and gives a 70 per cent, yield, it is a colourless, mobile liquid, with a 
petroleum-like odour. It dissolves in iodine, but at 50° C. it (Iocs not 
react with it to any extent. Ignition of the oil is not easy, but once it 
begins to burn it liberates a cloud of germanium dioxide ; density 
0*9589 at 20° M.pt. 78" 0, ; B.pt, 225° C, at 746 mm. ; » n 1*45,1 at 
17*5" C. 

Germanium tetxa-n-butyl is a colourless, oily liquid, B.pt. 178° to 
180" V. at 788 mm. 8 

Germanium tetra-isoamyl, Ge(C fi H u ) 1 . 4 -Sixty-live grams of 
isoamyl bromide arc slowly added to 9*6 grams of magnesium suspended 
in ether. The ether is replaced by dry benzene and 1 1 grams of german- 
ium tetrachloride in benzene added, after which the mixture is boiled for 
three hours. Decomposition is effected in the usual manner and the 
solvents are eliminated by distillation. The residue is a heavy oil, which 
decomposes when distilled at ordinary pressure. At 10 mm. it boils 
mostly at 168" to 164° (L The yield of germanium tetra-isoamyl is 
87 per cent, ; density 0*9147 at 20° 0. ; n 1*457 at 17-5° C. 

1 The onion-like odour described by Winkler must havo boon duo to impurities. 

* Tabrrn, Orndorff, and Dennis, «/, Avwr, ('hank AW.» 1925, 47 , 2039. 

* Omdorff, T&bern, and Learns, «/. Am*n Cham, AW., 1927, 49 , 2510. 

4 T&born, Orndorff, and Dennis, loc, ciL 
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Aryl Compounds of the Type R 4 Ge and their Derivatives . 

Germanium tetraphenyl or Tetraphenylgermane, Ge(C 6 H 6 ) 4 .— 
This compound may be prepared in several ways, but the most satis- 
factory method appears to be as follows : x The ethereal solution obtained 
from the interaction of 14*2 grams of magnesium turnings and 76*4 grams 
of bromobenzene in 200 c.c. of absolute ether is transferred, by means of 
nitrogen pressure, through a siphon tube into a 3-necked, round-bottomed 
flask. This flask carries a condenser, a drying tube, a funnel, and a tube 
reaching to the bottom to permit stirring by a stream of nitrogen. 
Anhydrous zinc chloride, 33*2 grams, previously dried over phosphorus 
pentoxide, is suspended in 100 c.c. of ether and slowly added to the 
Grignard reagent. The mixture is stirred for one hour in the cold, then 
boiled for one hour, after which 100 c.c. of dry toluene are added and the 
ether removed on the water-bath. The product is cooled in ice and 
14*91 grams of germanium tetrabromide in toluene slowly added with 
vigorous stirring. The mixture is then boiled for sixteen hours on an 
oil-bath under an atmosphere of nitrogen. The mass is decomposed by 
cooling in ice and adding 200 c.c. of 2-Normal sulphuric acid, and the 
water-toluene mixture then boiled until no solid remains. The toluene 
layer is separated whilst still warm, dried, and the solvent removed with 
a vacuum-pump, the residue being recrystallised from benzene and finally 
washed with low-boiling petroleum. The yield may be as high as 95*4 
per cent, if the reaction mixture is boiled sufficiently. The compound 
has also been obtained : (1) By the interaction of germanium tetra- 
bromide and magnesium phenyl bromide; 1 2 (2) by the interaction of 
germanium tetrachloride and magnesium phenyl bromide ; 3 (3) by 
adding germanium tetrachloride to sodium and bromobenzene in 
ether. 

Germanium tetraphenyl is a white, crystalline product, M.pt. 235*7° 
C., readily soluble in hot benzene, hot toluene, chloroform, moderately 
soluble in carbon tetrachloride, carbon bisulphide, and acetone, sparingly 
soluble in alcohol, ether, and petroleum ether. It is not affected by 
boiling aqueous caustic alkali, or cold concentrated sulphuric acid, but 
the latter causes sulphonation on warming. Metallic sodium in liquid 
ammonia reacts slowly with germanium tetraphenyl, yielding sodium 
triphenyl germanide, NaGe(C 6 H 5 ) 3 , sodamide, and benzene; and with 
concentrated sodium solutions the colour changes indicate that a second 
phenyl group is substituted. 4 

Triphenylgermanium fluoride, (C 6 H 5 ) 3 GeF, is obtained in 
practically quantitative yield by heating the corresponding oxide with 
hydrofluoric acid in a platinum dish. The excess of hydrofluoric acid is 
evaporated and the product purified by distillation in a vacuum at 
150° C. The fluoride melts at 76*6° C. (corr.), is insoluble in water, and 
only very sparingly soluble in liquid ammonia, but it is extremely 
soluble in organic solvents. The fluoride is hydrolysed by alkalies, but 
less readily than the bromide. It reacts with sodium triphenyl germanide 
to give hexaphenyldigermane. It is the most stable of the triphenyl 
germanium halides. 

1 Kraus and Foster, J. Amer. Chem. Boc., 1927, 49 , 457 . 

2 Morgan and Drew, Trans. Chem. Boc., 1925, 127 , 1760. 

3 Tabern, Orndorff, and Dennis, J. Amer . Chem. Boc., 1925, 47 , 2039. 

4 Kraus and Foster, loc. cit. 
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Triphenylgermanium chloride . 1 — 1 Triphenylgermanium oxide in 
dry petroleum ether is saturated with hydrogen chloride, when the 
chloride separates in large, colourless crystals. It may also be obtained 
by dissolving the oxide in boiling alcohol and adding concentrated 
hydrochloric acid, or by saturating a solution of triphenylgermanium 
bromide with hydrogen chloride and cooling. The chloride when 
crystallised Prom petroleum ether melts at 1,17° to 118° C. 

Triphenylgermanium bromide was first obtained 2 along with 
germanium tetraphcnyl by the interaction of magnesium phenyl bromide 
and germanium tetrabromide. It is more readily produced by direct 
bromination of germanium tetraphenvl in boiling carbon tetrachloride 3 
or by brominating in ethylene dibromide, the reaction going to com- 
pletion after a few minutes’ warming in the latter case. 4 It crystallises 
from petroleum (Ii.pt. 40° to 80° C.) in large, colourless, transparent, 
six-sided, refractive, prismatic needles or small compact prisms, M.pt. 
188-7° C., very soluble in the usual organic solvents, but sparingly in 
petroleum ether. 

Triphenylgermanium iodide 5 is a very unstable compound, 
formed by agitating a chloroform solution of the oxide with an aqueous 
solution of hydriodie acid. It forms pure white crystals from petroleum, 
M.pt. 157° C. (eorr.), but becomes yellow when exposed to air for a few 
minutes. It readily hydrolyses and its solutions in petroleum ether 
become pink when exposed to the atmosphere for a short time, owing* to 
the presence of free iodine. 

Triphenylgermanium oxide, 6 Ph 3 Gc.O.GePh 3 , is obtained in 
quantitative yield when an alcoholic solution of triphenylgermanium 
bromide is boiled with silver nitrate, filtered from silver bromide and 
diluted with water. It crystallises from hot petroleum (B.pt. 00° to 
80° C.) iu transparent, colourless prisms, M.pt. 182° to 188° C. In 
organic solvents it is more soluble than tetraphenylgermane, but less 
so than triphenylgermanium bromide. Aqueous sodium hydroxide (50 
per cent.) does not attack it, but hydrobromie acid (density 1-1*5) con- 
verts it quantitatively into triphenylgermanium bromide. 

Sodium triphenyl germanide, (C o n r> ) n (JeNa. 7 Two atoms of 
sodium react with I mol. of hexaphenyldigcrmune in liquid ammonia 
according to the equation : 

2Na+[(C # H B ) s Gc] 8 =2NaGc(C # H s ) s 

The compound is very soluble in liquid ammonia, solutions changing 
from faint yellow to orange as the concentration increases. Concen- 
trated solutions are extremely viscous, and crystals from liquid ammonia 
solutions contain 8 mols. of ammonia of crystallisation, which are 
readily eliminated at low pressures. Sodium triphenyl germanide is 
also very soluble in benzene saturated with ammonia, and fairly soluble 
in ether and pure benzene. Solutions in liquid ammonia are as highly 
ionised as ordinary salts, and benzene solutions in the presence of 
ammonia readily conduct the current. Sodium triphenyl germanide 

1 Orndorff, Tabern, and Dennis, ./. A met. Chem. floe., 1927, 49 , 2512. 

2 Morgan and Drew, he. cit. 

9 Kraus and Foster, he. cit. 

4 Orndorff, Tabcrn, and Dennis, loc. cit. 

8 Kraus and Foster, he. cit. 

6 Morgan and Drew, toe. cit. 

7 Kraus and Foster, loc. cit . 
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readily oxidises to the germanolate, and with ammonium bromide 
or water, triphenylgermane is quantitatively produced. The sodium 
compound with triphenyl germanium fluoride in liquid ammonia gives 
a small yield of hexaphenyldi germane. Bromobenzene reacts with 
an ethereal solution of sodium triphenyl germanide, yielding principally 
germanium tetraphenyl and some hexaphenyldigermane, whilst with 
tin trimethyl bromide, trimethylstannyl-triphenylgermane is the chief 
product. 

Sodium triphenyl germanolate, (C 6 H 5 ) 3 GeONa. — This compound 
is the oxidation product of the preceding derivative, the operation being 
carried out in the dry state, or in benzene or liquid ammonia solu- 
tions. The product obtained from the latter solvent contains 1 mol. of 
ammonia of crystallisation, and the dry substance does not melt below 
250° C. It is very soluble in benzene and petroleum ether, the com 
pound from this solvent melting at about 100° C. The benzene solution 
is orange in colour. 


Triphenylgermane, (C 6 H 5 ) 3 GeH, is quantitatively prepared by 
treating sodium triphenylgermanide in liquid ammonia with ammonium 
bromide or a benzene solution of the same compound with water. The 
ammonia is evaporated and the germane extracted with petroleum ether, 
the latter being removed under reduced pressure. The product remain- 
ing is distilled in a vacuum at 150° C. at 0*01 mm. pressure. The oily 
liquid which distils soon becomes a white solid. Triphenylgermane 
exists in two monotropic forms. The a -form is the most stable and 
melts at 47° C., the jf ? -form at 27° C. When the /3-form is maintained at 
30° C., it completely solidifies immediately when seeded with the a- 
form. Triphenylgermane is very soluble in most organic solvents and 
slightly soluble in liquid ammonia. It shows no tendency to decompose 
up to 250° C.; its hot vapours are irritating and penetrating. On 
long standing in air it shows signs of oxidation. With halogens or 
halogen acids it reacts immediately, forming triphenylgermanium halides. 
Triphenylgermane and sodium in liquid ammonia react to give sodium 
triphenyl germanide, and coloration of the solution shows the presence 
of disodium diphenyl germanide . 

Hexaphenyldigermane , 1 [(C 6 H 5 ) 3 Ge] 2 , occurs when triphenvl- 
germanmm bromide in dry xylene is heated with an excess of sodium. 
The product separates on cooling and is recrystallised from warm benzene. 
It forms large, transparent cubes which crumble to a powder in the air. 
It is insoluble in boiling aqueous sodium hydroxide. Inordinary 
organic solvents it is only slightly soluble, and is practically insoluble 
ln liquid ammonia. 2 When suspended in liquid ammonia and treated 
with sodiyun it is slowly converted into sodium triphenyl germanide. 
i nomination i n boiling carbon tetrachloride gives triphenyl germanium 


I'rimetbyisiannyi-triphenyigerniane, (CH,),Sn.Ge(C»H 5 )..— 

1 ms product is readily obtained by treating a liquid ammonia solution 
01 “ tri phenyl germanide with tin trimethylbromide. It is a white, 
crystalline solid, M.pt. 88° C., having an odour characteristic of organic 
in compounds. It dissolves in most organic solvents and reacts; 
quantitatively with bromine to form triphenyl germanium bromide and 
tin trimethyl bromide. 


* Morgan and Drew, Trans. Cham. Soc., 1925, 127 1760 
Kraus and Foster, J.Amer. Ohem. Soc., 1927, 49, 457. 
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Phenylgermanonic acid (Germanibenzoic acid). 3 — The aqueous 
mother-liquors from hydrolysis of the Grignard mixture (used in the 
preparation of germanium tetraphenyi) gradually give a colloidal, white 
precipitate, which is purified by solution in aqueous sodium hydroxide 
and reprecipitation by acid. It is a white, amorphous powder. 

Triphenyl germane!, 1 2 (C 6 H 6 ) 3 Ge,OH.— Sodium triphenyl ger- 
manolate is converted to the germanol by treating its liquid ammonia 
solution with ammonium bromide or, better still, its benzene solution with 
water. It melts at 1 84*2" C. (corr. ) and crystallises from petroleum ether 
in the pure state, but with solvent of crystallisation from benzene. 

Tetra -anhydro tetrakisdiphenylgermanediol and Trianhydro - 
tetrakisdiphenylgermanediol 3 arc both isolated when germanium 
tetra bromide interacts with 5 mols. of magnesium pheny l bromide. 
The quantities used are 48*4 grams of bromobcn/ene (5 mols.), 0*1 
grams of magnesium, and 200 e.e. of ether. The resulting Grignard 
reagent is addl'd to an ice-cold solution of 24*5 grams (1 mol.) of 
germanium tetrabromide in 100 e.e. of ether. The main product from 
the ethereal extract is 0 grains of triphenylgernmnium bromide (87*5 
per cent,). The residual oil, which consists mainly of diphenylgerman- 
ium dibromide, together with triphenylgermanium bromide, diphenyl, 
and bromobenzene, is dissolved in 150 e.e. of alcohol and heated for an 
hour with 20 grams of silver nitrate in 100 e.e. of alcohol and 40 e.e. of 
water. The precipitate is mostly silver bromide. The filtrate is 
evaporated, then steam-distilled to remove diphenyl and o-nitrophcnol, 
and the residue extracted with ether, then cold petroleum. There 
remains 5 grams of a colourless substance which contains no bromine. It 
is next dissolved in ethyl acetate several times and fractionally crystal- 
lised, when the crystals are hand-picked. Three compounds are 
separated in this manner: triphenyl germanium oxide, as thin, rhorn- 
boidal or pentagonal plates, M.pt. 182° to 188" C. ; tetra-anhydrotctrakis- 
dipheuylgermanediol ; and trianhydro! etrakisdipheiiylgernuini'diol, 

Tetramnhydrotetxakisdiphenylgermunediol, 


y GePh 2 .O.GePlu v 

< > 


() 


forms colourless, cubical, and prismatic crystals, the latter with bevelled 
anil faceted faces. When purified from petroleum or ethyl acetate it 
melts at 218" C, 

Trianliydro tetrakisdiphenylgermanediol, ()H.GePlu().GePh 2 ()*Ge 
PluO.GoPluOll., M.pt. 1 40" forms colourless, hexagonal prisms or 
flattened, rhomboidal crystals with hevelleil edges. 4 Both of these com- 
pounds were examined erystallographieally by Barker. 

Germanium tetra-p-tolyl, Gc((I fl II, 1 .ClI.,) (1 , 5 is prepared by the 
Fittig and the Grignard reactions, but the first gives the better result. 
p-Bromotoluene, 84*2 grams, and 10*7 grams of germanium tetra- 
chloride are dissolved in 800 e.e. of dry ether and 4*8 grams of sodium 
are gradually added. The residue is extracted with benzene and added 


1 Morgan ami i>*w, Tmm, (them, Hoe.* 1925, 127, 1750. 

a Kraus and Koator, Im* ciL 

* Morgan and Drnw, hr, ciL 

4 Morgan and 1 >rnw, hr, eit. 

4 Taburn, Omdorif, and Dennis, ./. Am?r, (-hrm. So<\, 1925, 47* 2051). 
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to the filtrate. Steam-distillation is followed by removal of the solvents, 
and the pasty mass again dissolved in benzene from which it separates 
on evaporation, and addition of ether gives germanium tetratolyl as 
white crystals. Repeated crystallisation from chloroform and benzene 
yields a pure product, M.pt. 224° C. It is more soluble than the corre- 
sponding phenyl compound. 

Germanium tetrabenzyl, Ge(C 6 H 5 .CH 2 ) 4 . 1 — Nine grams of mag- 
nesium turnings suspended in ether are allowed to react with 5 grams 
of benzyl chloride. A mixture of 40 grams of benzyl chloride, 10 grams 
of germanium tetrachloride, and 5 volumes of dry xylene is then added 
dropwise, with mechanical stirring and gentle refluxing. On conclusion 
of the reaction, sufficient xylene is added to form a paste, the ether dis- 
tilled off, and the residue after heating on the steam-bath for some hours 
is allowed to stand for two days. After working up in the usual manner, 
and steam-distilling to remove dibenzyl, a nearly quantitative yield of 
germanium tetrabenzyl is obtained. When pure it melts at 107° to 108° 
C. and is soluble in alcohol and light petroleum. When slowly dissolved 
in an excess of 25 per cent, fuming sulphuric acid below 35° C. it 
yields germanium tetrabenzyl tetrasulphonic acid. Its normal barium salt 
dissolves readily and completely in cold water, but is insoluble in 
acetone, alcohol, and ether. 

Germanium triphenyl p-tolyl, (C 6 H 5 ) 3 .Ge.(C 6 H 4 .CH 3 ), is formed 
when triphenyl germanium bromide is treated with a large excess of 
p-tolyl magnesium bromide in ethereal solution. To complete the 
reaction, the ether is replaced by dry benzene and the whole boiled for 
eight hours. The reaction product is decomposed by dilute aqueous 
ammonium chloride and steam-distilled to remove ditolyl. The residue 
is then crystallised from petroleum ether and alcohol or from glacial 
acetic acid. The compound melts at 123° to 124° C. 

Germanium triphenyl anisyl, (C 6 H 5 ) 3 .Ge.(C 6 H 4 .OCH 3 ), prepared 
m a similar manner to the above, melts at 158° to 159° C. It is soluble 
m alcohol, sparingly soluble in cold glacial acetic acid. 

Germanium dimethylanilino triphenyl, (CH 3 ) 2 NC 6 II 4 .Ge(C 6 H 5 ) 3 , 
irom triphenyl germanium bromide, p-bromodimethylaniline, and 
sodium m xylene, forms brownish, crystalline nodules, M.pt. 140° to 
141 G. The hydrochloride melts with decomposition at 105° to ll6° C. 

Txn! nS °i uble ! n water and hydrochloric acid, but soluble in alcohol! 
When treated with alkali it gives the pure, free base. 

7eo Germanium ethyl triphenyl, C 2 H 5 .Ge.(C 6 H s ) 3 , melts at 75° to 


Aryl Germanic Acid Anhydrides. 

Phenylgermanic acid anhydride, (C 6 H 5 Ge0) 2 0.— Equimolecular 
proportions of mercury diphenyl and germanium tetrachloride in dry 
are heated m a sealed Pyrex bulb for two days, then diluted 

rh 1 „ A / .f n fl t f red ' The solid residue is P ur e phenylmercuric 
chloride, and the filtrate is treated with benzene, and finally with water 

containing a few drops of ammonium hydroxide. The granular pre- 
nt P r?*° which separates at the liquid interface is removed and dried 
TV 1 ? L - u . he anhydride is a white, fluffy, amorphous solid, with no 

carbo^dSdT’^ 01 ^! 01 ^ 16 in GXCeSS ° f alkali > and reprecipitated by 
arbon dioxide, insoluble m water and organic solvents. 

1 Orndorff, Tabern, and Dennis, J. Amer. CJiem. Soc ., 1927, 49, 2512. 
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to the man *c a< -id anhydride is obtained by a similar process 
to thcahm e, the reactants bom- heated at 100° to 190° C. whilst in the 

HA’ to Sv germa ” iC UCkl anhydride the temperature required is 

Dimethylaminophenylgermanic acid anhydride, [(CH 3 )»NC # H 4 . 

li ! A i ( -r nVl!UUUm t f t r« hl ,°" de 58 heated with an excess of dry 
(In ncthy m.ihne m a sealed f ask at 100“ to 110° C. for two days. The 

anhydride is a pearly white. Unify powder, soluble in very dilute mineral 
acids and excess ol alkali \\ hen kept for some time in an atmosphere 
ol dry hydrogen chloride it is converted into the hydrochloride of 
(Imetnylanuino germanium trichloride : 

[((’H a ) 2 N0 # II 4 .(lc()l l O-f8HCl«2HCl(CH s ) s NC e H 4 .GeCl 3 +8H 8 O 

The hydrochloride melts with decomposition at about 110° C • 
ammonium hydroxide precipitates the anhydride from its aqueous 
solution. * 1 


CHAPTER XIII. 

ORGANOMETALLIC DERIVATIVES OF TIN. 

The first organic compound of tin was prepared by Lowig in 1852. By 
heating an alloy of 1 part of sodium and 6 parts of tin with ethyl iodide 
he isolated tin diethyl. In the following year Frankland, by the distilla- 
tion of this compound, obtained tin tetraethyl. From 1853 onwards the 
number of organic tin derivatives has steadily increased, and in the last 
ten years considerable attention has been paid to mixed alkyl compounds 
of this metal. The type of compound R 4 Sn (R=alkyl) comprises only 
five members, of which most work has been done on the ethyl compound. 
Following upon its preparation by the above method it was found that 
tin amalgam containing 14 per cent, of sodium when heated with ethyl 
iodide would produce tin tetraethyl along with tin triethyl iodide. In 
1855 Frankland published his researches on zinc ethyl, and applied 
this compound to the preparation of tin tetraethyl. The discovery of 
the Grignard reagents has, however, eradicated all these older methods, 
and used in combination with stannic chloride or bromide should be 
capable of producing any tin tetra-alkyl having four like groups attached 
to the tin. When the type R 4 Sn is treated with iodine, one of the alkyl 
groups is replaced by iodine, and the type R 3 SnX produced. This is 
the starting-point for mixed tetra-alkyls of the type R 3 SnR', which may 
be formed by treating the iodide with zinc alkyls or magnesium alkyl 
halides. With iodine or bromine at —40° to —30° C. an alkyl group is 
split out from R 3 SnR' and R 3 SnX again produced. When the group X 
in the latter type of compound is iodine, it may be converted to hydroxyl 
by the action of aqueous alkali. By treatment with suitable acids the 
hydroxyl group may be replaced by acid radicles. When R 3 SnX is 
heated with sodium at 120° C. the hexa-alkyldistannanes, R 3 Sn.SnR 3 , 
are formed, and these when acted upon by halogens in the cold, or alkyl 
iodides at 200° C., revert to R 3 SnX. Addition of iodine to the types 
R 4 Sn and R 3 SnI gives R 2 SnI 2 , which reacts with zinc alkyls or mag- 
nesium phenyl halides to give R 2 SnR 2 '. Ammonium or basic hydroxides 
replace the iodine in R 2 SnI 2 by oxygen, , and the oxide with hydrogen 
halides yields the corresponding halides. 

A compound of considerable interest is tin trimethyl, which is 
obtained from tin trimethyl bromide by the action of sodium, the 
operation being carried out in liquid ammonia. 

In 1883 Meyer isolated the first stannonic acid, R.SnO.OH, which 
gives rise to compounds containing only one alkyl group, RSnX 3 , when 
treated with acids. The stannonic acids themselves are prepared by 
the interaction of alkyl iodides and stannous chloride in potassium 
hydroxide solution, and are all white, amorphous products. 

The reactions of the aromatic compounds of tin are illustrated 
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generally in the scheme below, the phenyl compounds being used as 
examples. The heterocyclic derivatives of tin containing the metal in 
the ring are fully explained in the section dealing with these compounds. 


Ph Bp+ NaSn (25% Na) MgPh &r+SnCI 4 



| NII 4 lV 

^ PhxSn.SnPh, 


ZnPh 2 +SnCl 4 


Ph^SrvMe 

Ph a sia.BnI^- C7ti7Br > Ph 3Sn . C7 H 7 
3o%N,-iOHX^fe 

Plia$n-0H PhjSn ' N;l ~ 1 * ~+ PlisSn ' H 

MgPhBr+SnCta 

Boiling for- 3-4 hours 


Ph.^SnHj 

Ph 2 SnO 

Scheme illustrating the preparation of aromatic tin compounds. 


Alkyl Derivatives of the Type. 11., Sit. 

Tin tetrametliyl, 811 ( 011 .,).,, is isolated by the fraction ation of the 
reaction product, fortned wheti 4 parts of tin amalgam (14 per cent. Na) 
and 8 parts of methyl iodide arc heated first, on the water-bath and then 
at 1 * 20 " C. 1 It is a litptid, the physical constants of which have been 
given as follows : li.pt. 7<!" to 78" V. ; density 1-85)8 at 0 " <1, 1-21)1 30 
tit, 25-5" , 1-51749; m> 1-52009 ; n y 1-55)141. The compound is 

insoluble in water, reduces alcoholic silver nitrate solution, with iodine 
yields tin trimethyl iodide, and on warming with stannic iodide gives a 
mixture of tin methyl tri-iodide and tin trimethyl iodide. 

Tin tetraethyl* may he prepared: (l) By the distillation of tin 
diethyl. ( 2 ) When a tin' amalgam containing 14 per cent, of sodium is 
heated with ethyl iodide, tin tetraethyl is formed, along with some tin 
triethyl iodide,’ (55) By adding anhydrous stannous chloride to zinc 
ethyl,*! liking care not. to use excess of the chloride, and also to keep the 
temperature down during the reaction. The product is distilled from 
an oil-hat h, and t he distillate poured into water, whereby the tin diethyl 
is destroyed, and the tin tetraethyl obtained as an oil, which is washed, 
dried, and fractionated . 3 (4) By the interaction of zinc ethyl iodide 
and powdered tin at 150" to 1<J(V’ V. Such a high temperature is not 
required if the tin he added to zine copper couple and ethyl iodide. 

1 Uulindmrj', A ninth n Supply 1872, 8 . 7H ; Mliim, (fozzvtta, I HIM, 24 , i. 322. 

a K,ai Aland, Annul* n. 1853, 85, 310; 1850, Hi, ; Krankland and Daw ramus 
'Prana ('hrm.Mrn,, I H70, 35, 130; Ladmbum, Annufcn Hnppl* 1872, 8, 01 ; BnUHand (!<»I11<\ 
Phil M f „/ M i h*.J 8 » I ft |, 22» *15; JnhnHhrr. % 1880, p, 1501 ; IMViiTnr and Snhnurman, Mr., 
HHM, 37/320 ; Bunkton, Annul n, 1850, tog, 225 ; lN>ix‘ and IVanliny, Prim, Oficm . Mm., 
1003, 19, 200 ; Mladatuiw*, Trttnn, (Ihrm. Mm., 1801, 59, 203, 

® Frankiaml awl .Lawrantatj, km, dk 
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Experiments with zinc- tin alloys and ethyl iodide show that in alloys 
containing from 1 to 50 per cent, of tin, half the latter metal is converted 
to tin tetraethyl. The yield of this compound is almost proportional to 
the mass of tin in the alloy, until it contains one-third of its weight of 
tin, after this the alloy becomes almost inactive, and the time necessary 
to complete the reaction increases considerably. 1 (5) From tin diethyl 
di-iodide and zinc ethyl. (6) By the Grignard reaction, using stannic 
bromide or chloride, yields of 70 and 73 per cent, respectively are 
obtained. The preparation is carried out as follows : Twenty grams of 
ethyl bromide and 4*5 grams of magnesium are dissolved in 80 c.c. of 
dry ether, and then 10 grams of stannic bromide or an equivalent weight 
of chloride in light petroleum added, and the whole refluxed for one hour. 
After cooling the mass is decomposed with dilute hydrochloric or acetic 
acid, the ether layer separated off and dried over calcium chloride. It 
should be noted that if this ether layer is dried over potassium carbonate, 
tin triethyl carbonate is formed. 

The compound is a mobile, highly refractive liquid, insoluble in water, 
but soluble in ether. It boils at 175° C. ; 2 180° to 181° C. at 758 mm. ; 3 
density 1*187 at 23° C. ; n» 1*5143. It is unattacked by aluminium, 
sodium, or magnesium up to 180° C., but slightly by benzaldehyde. 
Likewise acetone and ethyl oxalate have no action, nor the following 
gases at ordinary temperature : ammonia, carbon monoxide, carbon 
dioxide, cyanogen, nitric oxide, oxygen, or hydrogen sulphide. Sul- 
phur dioxide is slowly absorbed with the formation of tin triethyl- 
sulphate and tin triethyl ethyl sulphonate. When warmed with concen- 
trated hydrochloric acid, tin tetraethyl yields ethane and tin triethyl 
chloride; and with thallic chloride, thallium diethyl chloride and tin 
diethyl dichloride . 4 Treatment with iodine gives ethyl iodide and tin 
triethyl iodide. 

Tin tetrapropyl 5 may be prepared by the interaction of tin tri- 
propyl iodide and zinc dipropyl. It is a liquid, B.pt. 222° to 225° C. at 
760 mm. and 116° C. at 13 mm. ; density 1*179 at 14° C. and 1*1065 at 
20*2° C. ; n Ha 1*47126, n D 1*47448, n H/3 1*48260, n^ 1*48936, at 20*2°. 6 

Tin tetr a -isobutyl melts at —13° C. and boils at 143° C. at 16*5 mm., 
density 1*0540 at 23° C. ; n Hu 1*47112, n D 1*47423, 1*48206, n Hv 

1*48863, at 23° C. 

Tin tetra-isoamyl 7 is readily prepared by treating isoamyl iodide 
with tin amalgam, or from magnesium isoamyl chloride and tin tetra- 
chloride . 8 It is a liquid, easily soluble in alcohol or ether and boiling 
at 188° C. at 24 mm. ; density 1*0353 at 19*6° C. ; n a 1*46946, n D 1*47242, 
n^ 1*47989, n T 1*48607, at 16° C. 

Alkyl Derivatives of the Type R 3 SnR'. 

Tin trimethyl ethyl, Sn(CH 3 ) 3 (C 2 H 5 ), was first isolated from tin 
trimethyl iodide and zinc ethyl , 9 but later from tin trimethyl iodide and 

1 Letts and Collie, Proc. Chem. Soc., 1886, 2, 166. 

2 Pfeiffer and Schnurmann, Ber . 1904, 37, 320. 

3 Erankland, Annalen, 1853, 85, 340; 1859, in, 46. 

4 Goddard and Goddard, Trcms . Chem. Soc., 1922, 121, 256. 

5 Cahours, Jahresber ., 1873, p. 519. 

6 Gruttner and Krause, Ber., 1917, 50, 1802. 

7 Grimm, Annalen, 1854, 92, 394. 

8 Krause, Ber., 1918, 51, 1447. 9 Cahours, Annalen, 1862, 122, 48. 
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magnesium ethyl bromide. 1 The compound is soluble in ether, and 
boils at 107" to 108" (.'. under 758 mm. ; density 1-243. Treatment 
with iodine yields ethyl iodide and tin trimethyl iodide. 

Tin trimethyl n-propyl is a colourless liquid, boiling at 129° C. at 
70 l- mm. 

Tin triethyl methyl has been prepared 3 in the same way as the 
trimethyl compound. It possesses similar properties to tlie latter 
compound, boils at 102“ to 103° C., and with iodine splits off the methyl 
group, yielding tin triethyl iodide. 

Tin triethyl n-propyl may be isolated by the action of magnesium 
n-propyl bromide or iodide on tin trimethyl bromide. It boils at 195° C. 
at 704 mm. 

Table XIII. of the Appendix gives a list of compounds prepared by 
the following general method, together with their physical constants . 3 
Three times the calculated quantity of magnesium alkyl halide is used, 
and after tin* introduction of the tin alkyl halides the mixture is boiled 
under rcllux for t wo hours, the et her removed, and the residue baked on 
t he water-bath for one hour. After cooling, ether is added, and the 
whole decomposed with water. Mixed tin tetnwdkyls are converted 
into mixed tin trialkyl bromides of the type Rdt/SuX by the action of 
bromine at M) M to 30 an alkyl group being split out, this 
resembling the bromi nation of lead alkyls. 

Alkyl Derivative of the Type IUSnR./. 

Tin dimethyl diethyl, Sn(Cn a ) 2 (C 2 II 5 ) 2 , may be obtained in a 
variety of ways: (1) From tin diethyl iodide and zinc methyl. 4 (2) 
From tin dimethyl iodide and zinc ethyl. 5 (3) By the interaction of 
magnesium methyl iodide and tilt diethyl chloride, bromide, or iodide; 
or by the action of magnesium ethyl bromide on tin dimethyl chloride, 
bromide, or iodide, the action taking place in ethereal solution,® 

The compound is a colourless liquid, U.pt.. 114" to 140° C. ; density 
I -2003 at 0 or 1-232 at 19" C. It decomposes on distillation, and 
with iodine the methyl groups are split off and tin diethyl iodide is 
formed. 

For further compounds 7 see Table XIV. of Appendix. 

Alkyl Derivative $ of the Type R^SnR'R". 

Tin dimethyl ethyl propyl^Hii(t’H a ) 2 ((k i H 6 ),CH 2 .Cn 2 ,(Tl a , isolated 
from the action of magnesium propyl bromide or iodide on tin dimethyl 
ethyl bromide is a liquid, boiling at 1 53 M C. at 702 mm. 

Tin methyl ethyl dipropyl from magnesium propyl bromide and 
tin methyl ethyl bromide is a colourless liquid, R.pt, 183° to 184° C. at 
7.78 mm* 

Tin ethyl n-propyl di-isoamyl s boils at 141° to 14 2° C. at 17 mm., 

1 Pojh* uml IViu*tu\v» Proe. Ohtm, Poe,,, 1903, 19 , 290, 

% ( 'ahnurn, hr. cit. 

< iriittner Hint Kmmu\ Hrr., 1917, 50, 1802. 

* Kranklnial, Ammlrn. 1859, m, 50. 

6 Morguiiow, Atnmlen, 1807, 144, 157. 

rt pop* ami lVaohay, hr. riL 

7 { «rutt tier and Krauite, hr. mi. 

M Pojia ami he. ciL 

u Urtittner and Krause, toe. ciL 
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density 1-0654 at 21-9° C., n H « 1*46902, n B 1-47214, n H/3 1-47996, n Hr 
1-48652, at 21*9° C. 


Alkyl Derivatives of the Type R 3 SnX. 

Tin trimethyl fluoride, Sn(CH 3 ) 3 F.* — This compound, in common 
with the other fluorides of tin, may be prepared either by the addition of 
aqueous hydrofluoric acid to the corresponding trialkyl hydroxide, or 
by treating alcoholic solutions of other tin trialkyl halides with excess 
of a neutral aqueous solution of potassium fluoride. The compound 
forms colourless prisms, which commence to darken at 360° C. and 
blacken at about 375° C. 

Tin trimethyl chloride 1 2 may be formed from the hydroxide by 
the action of hydrochloric acid. It has more recently been obtained 
from tin trimethyl solutions by the action of calcium chloride in dry air, 
and by treating tin trimethyl with mercuric chloride in ethereal solution. 3 
It is a liquid having similar properties to the ethyl compound. It forms 
a compound with 1 mol. of aniline, and with 1 mol. of pyridine, 
the latter melting at 37° C. 4 By reduction with sodium in liquid 
ammonia it yields sodium trimethyl stannide , which is a light yellow 
substance readily decomposing above the temperature of liquid ammonia. 
It reacts with tin trimethyl halides to give tin trimethyl. The electrical 
conductivity of tin trimethyl chloride in absolute alcohol at 25° C. has 
been determined. 5 

Tin trimethyl bromide 6 is formed when tin tetramethyl is treated 
with bromine. 7 It melts at 27° C. and boils at 165° C. ; with ammonia it 
gives a stable compound, Me 3 SnBr.NH 3 , and with sodium in liquid 
ammonia, tin trimethyl is precipitated. Sunlight acts upon the bromide, 
forming the compound (Me 3 Sn.OH) 2 .Me 3 SnBr, which may also be pro- 
duced by bringing together the components in benzene solution. In 
alcoholic solution the complex, Me 3 Sn0H.Me 3 SnBr.H 2 0, M.pt. 210° to 
211° C. with decomposition, is obtained. 

Tin trimethyl iodide is obtained in several ways, namely : (1) By 
heating 4 parts of tin amalgam (14 per cent. Na) with 3 parts of methyl 
iodide, first on the water-bath, then at 120° C. 8 (2) From 1 part of tin, 
heated with 2*5 to 3 parts of methyl iodide at 150° to 160° C. 9 (3) By 
treating tin tetramethyl with iodine. (4) From tin tetra-iodide and 
magnesium methyl iodide, in ethereal solution. 10 The compound is a 
liquid, boiling at 170° C. at 760 mm. or 71° C. at 13 mm.; it may be 
solidified when cooled and melts at 3-4° C. Its density at 0° C. is 2T432 ; 
at 18° C., 2*1096. When dry ammonia is passed into its alcoholic 
solution, needles separate out, Me 3 SnI.2NH 3 , which are soluble in cold 
water, but decomposed on boiling, and sparingly soluble in ether. 

1 Krause, Ber ., 1918, 51 , 1447. 

2 Cahours, Annalen, 1860, 114 , 354. 

3 Kraus and Sessions, J. Amer. Chem. JSoc ., 1925, 47 , 2361. 

4 Kraus and Greer, J. Amer. Chem. Soc ., 1923, 45 , 3078. 

5 Kraus and Callis, J. Amer. Chem . Boc., 1923, 45 , 2629 ; Kraus and, Greer, ibid. r 
1923, 45 , 2946. 

6 Cahours, loc. cit. 

7 Kraus and Sessions, loc. cit. 

8 Ladenburg, Annalen Supply 1872, 8 , 75 ; Ber., 1870, 3 , 358. 

9 Cahours, Annalen , 1860, 114 , 367. 

10 Pfeiffer and Heller, Ber., 1904, 37 , 4619. 
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Aniline yields the compound, Me 3 SnI.2PhNH a , soluble in alcohol or boiling 
water, and which may be distilled without decomposition. Crystalline 
compounds are also obtained with isoamylamine and pyridine, the latter 
melting at — 17° C. The iodide forms the complexes (Me.,Sn.OH) 0 
Me.,SnI and Me 3 Sn.OH.Me 3 SnI.H a O, M.pt. 221° C. with decomposition. 

I he electrical conductivity of the iodide in various solvents has been 
determined. 1 

Tin trimethyl hydroxide is isolated from the iodide by action of 
potassium hydroxide. It crystallises in prisms and is volatile in steam. 
The aqueous solution is strongly alkaline, and the solubility in alcohol 
is greater than in water. With tin trimethyl halides it forms complexes 
of the type (Me 3 SnOII) a .Me 3 SnX, the bromide melting at 113° to 115° C. 
with decomposition ; iodide 143° to 153° C. with decomposition ; also 
the type Me 3 SnOH.Me 3 SnX.IIjO, the chloride, M.pt. 90° C. ; bromide, 
M.pt. 210° to 211° C. with decomposition; iodide, M.pt. 221° C. with 
decomposition. The electrical conductivity of solutions of the hydroxide 
has been determined by B redig. 2 3 

Tin trimethyl sulphate crystallises in brilliant rhombic pyramids, 
for which a : b : c =0-8872 : 1 : 1-0858.® 

Tin trimethyl sulphide, formed by the addition of sulphur to a 
solution of tin trimethyl in benzene, has M.pt. 6 ° C., B.pt. 233-5° to 
235-5" C. at 759 nun., density 1-649 at 25° C. The corresponding 
formate 4 crystallises in prisms of low melting-point, which can be sub- 
limed, and are easily soluble in water or alcohol. The acetate forms 
needles having similar properties to the formate. 

Tin trimethyl ethylate is a liquid boiling at 65° to 66 ° C., and 
prepared from the iodide and sodium ethylate at 130° C. It is con- 
verted to tin tetramethyl on distillation with sodium. 

Tin trlethyl salts. — The fluoride 5 * crystallises from alcohol or 
acetic acid in large, pure white, glistening prisms, which sublime above 
1,80° C. and melt at 302° C. (corr.), to a colourless, clear liquid. The 
aqueous solution of the lluoride turns litmus wine-red. 

The chloride is a liquid of extremely pungent odour, B.pt. 208° to 
210 ° C. or 94° C. at 13 mm. ; density 1-428 at 8 ° C. Cooled to 0 ° C. it 
forms a crystalline mass, easily soluble in methyl or ethyl alcohol and 
ether, sparingly in water.® It forms the following double salts, 2 Et 3 
SnCl.PtCl*, dark red needles ; Et 3 SnCl.PtCl„ yellow octahedra. 

The bromide occurs as a colourless, pungent liquid, B.pt. 222 ° to 
224" C. ; density 1-630. 7 It has a similar solubility to the bromide. 

The iodide may be prepared in a variety of ways : ( 1 ) By heating 
80 grams of ethyl iodide with 100 grams of tin amalgam (14 per cent. 
sodium ). 8 ( 2 ) By the action of iodine on tin tetraethyl. (3) By treat- 
ing hexa-ethyldistannane with iodine, or heating it with ethyl iodide at 
nlK>ut 220 " C. It melts at -34-5° C.; B.pt. 231° C. (Ladenburg), 235° 
to 288° C. (Cahours), 117° C. at 13 mm ., 9 density 1-833 at 22 ° C. When 

1 Kraus and Oallis, he. cit. 

* Bradig, Zeit&ch . phi/mkal. Chenu, 1894, 13, 303. 

3 Hjortdahl, OompL rend., 1879, 88, 584 ; Jahresbar., 1879, p. 773 ; 1880, p. 939. 

4 Cahours, Annalen , 1860, 114 , 378. 

& Kraus®, 1918, 51 , 1447. 

<'* Cahours, Annalen, I860, 114 * 654. 

” Ltiwig, Annalen, 1852, 84 , 330. 

h Ladenburg, he. cit. ; Lowig, loo. cit., 308 ; Cahours, Annalen , 1860, 114, 246, 361. 

» < iruttnor and Krause, Ben, 1917, 50, 1802. 
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distilled with potassium hydroxide the base is formed. Heated with 
sodium the iodide is converted into hexa-ethyldistannane, and by iodine 
into tin diethyl iodide. The tin triethyl ethylate is formed by treatment 
with sodium ethylate. The following double salts have been prepared : 
Et 3 SnI.2NH 3 , needles; Et 3 SnI.2C 5 H 13 N (isoamylamine) plates. 

- The sulphide is a yellow liquid. 1 

The hydroxide is formed from the iodide by the action of aqueous 
caustic alkali. It crystallises from ether in glistening prisms, M.pt. 43° C. 
(Ladenburg), 44° to 45° C., 2 B.pt. 272° C. (Cahours). 

The aqueous solution has an alkaline reaction, and prolonged boiling 
causes the formation of an anhydride. 

The sulphate is dimorphous. The stable form crystallises in hexa- 
gonal prisms terminated by pyramids, whose dimensions are very like 
those of potassium and thallium sulphates. 3 

Tin triethyl sulphate. . . a : aV3 : c=*5773 : 1 : -7217. 

Potassium sulphate . . . a : b : c =-5727 : 1 : *7464. 

The labile form crystallises in regular octahedra. The sulphate is 
easily soluble in alcohol, sparingly soluble in water. 

The selenate forms regular octahedra, soluble in water or alcohol. 4 
The following salts have also been prepared : nitrate , crystalline and 
easily soluble ; phosphate, bushy needles, very easily soluble in dilute 
alcohol, sparingly in ether ; 5 carbonate , prisms from ether ; cyanide, 
needles, which can be sublimed ; 6 cyanate, prisms ; formate, needles, 
subliming when strongly heated, easily soluble in dilute alcohol, sparingly 
in water ; acetate, needles, M.pt. 230° C. ; butyrate, needles ; oxalate, 
prisms (+H 2 0); tartrate, cubes; ditartrate, crystalline (+H 2 0) ; 
ethylate, fuming liquid, B.pt. 190° to 192° C., or 82° C. at 13 mm., density 
1*2634 at 0° C., immediately decomposed by water, giving alcohol and 
tin triethyl hydroxide. 

Tin tripropyl salts are as follows : fluoride , (C 3 H 7 ) 3 SnF, crystallises 
from hot alcohol in prisms, from dilute alcohol in centimetre-long, fine, 
glistening needles. When heated in a sealed tube it melts at 275° C. to 
a clear, colourless liquid ; the chloride has M.pt. —23*5° C., B.pt. 123° C. 
at 13 mm., and may be obtained from the base ; the bromide has M.pt. 
—49° €., B.pt. 133° C. at 13 mm. ; the iodide has M.pt. —53° C., B.pt. 
260° to 262° C., or 141° C. at 13 mm., density 1*692 at 16° C. 7 and is formed 
in the usual way from n-propyl iodide and tin amalgam. With potassium 
or ammonium hydroxide it yields the hydroxide, which crystallises in 
prisms. It is volatile and only sparingly soluble in water. 

Tin tri -isopropyl salts : the iodide, 8 is obtained by the action of tin 
amalgam (10 per cent, sodium) on isopropyl iodide. It is a liquid, B.pt. 
256° to 258° C. With potassium hydroxide it forms the base. 

Tin tri-isobutyl salts are as follows : fluoride, prisms melting at 

1 Kulmiz, Jakresber., 1860, p. 377. 

2 Ladenburg, Annalen Suppl., 1872, 8, 76 ; Ber., 1870, 3, 358 ; Cahours, Annalen , 
1860, 114,246,361. 

3 Hjortdahl, Gompt. rend., 1879, 88, 584. 

4 Hjortdahl, Jakresber., 1880, p. 939. 5 Kulmiz, loc. cit. 

6 Cahours, Annalen, 1862, 122, 50. 

7 Cahours, Gompt. rend., 1873, 7 6 , 137 ; Jakresber., 1873, p. 519. 

8 Cahours, Gompt rend,, 1879, 88, 725 ; Cahours and Demar9ay, ibid., 1879, 88, 

1112. 
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214'’ (’. (cow.) ; iodide, Ii.pt. 284° to 286° C., or 151° C. at 13 mm. 
density 1*510 at 15'’ C. ; 1 hydroxide, ll.pt. 311° to 314° C. a 

The following tin tri-isoamyl salts have been isolated : fluoride, 
line needles, M.pt. 288“ C. (eorr.) ; chloride, M.pt. 30-2° C., B.pt. 174° C 
at, 13 mm. ; bromide, M.pt. 21° €., B.pt. 1.77° C. at 13 mm. ; iodide, M.pt. 

-- •> ^*pt* to 305 0., or 182° C. at 13 mm. ; hydroxide, B.pt. 

(without decomposition) 885° to 338° C. 


Alkyl Derivatives of the Types iUi/S nX; RR'SnX 2 ; R 1 R 2 R 3 SnX. 

The preparation of the first type of compounds, the tin trialkyl 
bromides, has already been given under type R 3 SnR' (p. 303). 3 The 
chlorides are formed from the corresponding bromides by dissolving the 
lat ter in 5 parts of ether and shaking the solution with ‘half its volume 
of 88 per cent, alkali. This produces the hydroxide, dilute hydrochloric 
acid giving the chloride. For list of compounds of type Rjtl'SnX, see 
Table XV, of Appendix. 

Tin ethyl propyl dichloride. 4 This compound is obtained from 
tin ethyl propyl di benzyl by the action of concentrated sulphuric and 
ehlorosutphonie acid. The aqueous solution of the sulphonatiori 
product is treated with ammonium hydroxide, the precipitate filtered 
off, dissolved in hydrochloric acid, and the acid solution extracted with 
ether. Removal of the solvent yields the di chloride in needles, M.pt. 
57' ' to 5H" which have an unpleasant odour, and arc readily soluble in 
alcohol, water, or ether, sparingly in light petroleum. 

Tin methyl ethyl n -propyl iodide. 5 -The compound is obtained 
by the following series of reactions 

1. 2Mc. s SnI 1 ZnEU 2Me.,SnKt+ZnIo 

2* Mc 3 SnKt. ! I a Me 2 KtSnl 1 Mel 

8, 2Me a KtSnT| ZnPr 2 2 M e a K t. 1 > rSi i -f Znl 2 

4* Me.,Kt PrSn | l t • McHtRrSnl ( Mel 


The final product is externally compensated tin methyl ethyl n- 
propyl iodide, 

Mi\ Ah 

>>< 

Ft/ M 


a faint yellow oil, B.pt. 270" practically insoluble in water. When 
shaken in molecular proportions with an aqueous solution of silver 
dcstro camphorsnlphonatc, tin methyl ethyl n-propyl dextro-camphor- 
sul phmuite is deposited. It crystallises from water in lustrous, square 
plates, M.pt. 125 to 120" (’. In dilute aqueous solution it has a mole- 
cular rotation [Min 1 05", so that for the monobasic radicle Mc.Ft.Pr. 
Sn [M|i> is about 45 '. From the mother-liquors of this salt, no salt 
of the inev o base can la* obt aimed. No better results have been obtained 
using silver dextro-bromoeamphorsulphonate. The bromocamphor- 

* <'u h..ur* mill t Jetiuiryiiy, (bnnjd, rend., 1870, 88, 1112 j Cidiourw, ibid., 1873, 77. 
1404 ; *f ah ft'uht'fii 1M73« j»« 520, 

* i. 'tti.it turn him ! f^nmryay* 1879, 89,70. 

** iSriit titer inid Knuiw*, /& r,, 1017* 50 * 1 802. 

* Hmith iiml K i Miitt#, fwiw, Vhetn* 1012, xox» 2552* 

* l*«pit nmf IViwlmy, l* me, (Jh&tn* tioc,, 1012, 28, 42, 11(3 
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sulphonate crystallises from acetone in colourless plates, M.pt. 194° to 
197° C., which in dilute aqueous solution have the molecular rotation 
[M]d +818°. Allowing the value [M] D +270° for the bromocamphor- 
sulphonic acid radicle, this gives [M]d +48° for the basic radicle, 
which compares favourably with the previous value. 


Alkyl Derivatives of the Type R 2 SnX 2 . 

Tin dimethyl salts. — Difluoride . 1 — A solution of 40*8 grams of tin 
dimethyl di-iodide in 50 c.c. of warm alcohol is treated with a neutral 
solution of 11*6 grams of potassium fluoride in 25 c.c. of water, when 
snow-white plates separate out. The fluoride decomposes above 860° C. 

The dichloride is obtained by treating the oxide with an excess of 
hydrochloric acid. It crystallises in rhombic prisms, M.pt. 90° C., 
R.pt. 188° to 190° C., soluble in ether or water, very soluble in alcohol. 2 
Measurements of the proportions between the axes gives a : b : c = 
0*8341 : 1 : 0-9407. 3 With platinic chloride, Me 2 SnCl 2 .PtCl 4 ,7H 2 0, red 
rhomboids are produced. 

The dibromide crystallises in plates from alcohol, M.pt. 74° C., 4 B.pt. 
208° to 210° C. 

Di-iodide. — Tinfoil is heated with 2*5-3 parts of methyl iodide at 150° 
to 160° C. It forms yellow crystals from alcohol-ether solution, M.pt. 
30° C., B.pt. 228° C., 33° C. at 13 mm., density 2*872 at 22° C. It is 
readily soluble in alcohols, ether, or acetone. Its aqueous solution when 
treated with ammonium hydroxide yields the oxide. 

Oxide. — This may be isolated in two ways : (1) It is formed as a by- 
product, when an alcoholic solution of methyl iodide is shaken for one to 
two days with alkaline stannous chloride, for details see corresponding 
ethyl compound. 5 Yield 25 per cent. (2) Heating methyl stannonic 

acid with concentrated alkali hydroxides. 6 It is an amorphous powder, 
insoluble in water, alcohol, or ether, and aqueous alkali. With acids it 
yields the corresponding salts. 

Sulphate. — Its crystals consist of rhomboidal prisms, inclined at 
74° 50' with the base and the positive hemiorthodome, the vertical axis 
making an angle of 83° 75' with the inclined axis, which is the longest. 
It is not isomorphous with lead and barium sulphates, although the 
lengths of its axes are sensibly the same. 7 

Me 2 SnS0 4 .... 1*3213 : 1 : 1*6630 

BaS0 4 .... 1*3127 : 1 : £(1-6352) 

PbS0 4 .... 1*2915 : 1 : 1(1*5728) 

It is easily soluble in water, but not readily in boiling alcohol. 

Diformate — This is deposited in prisms from alcohol, which partially 
sublime without decomposition. Its crystals resemble those from 
calcium, barium, and lead formates. 

1 Krause, Ber., 1918, 51, 1447. 

2 Cahours, Annalen , 1860, 1x4, 374. 

3 Hjortdahl, JaJvresber 1880, p. 390. 

4 Pfeiffer and Lehnardt, JBer., 1903, 36, 3027. 

6 Pfeiffer and Lelmardt, ibid. 

6 Pope and Peachey, Proc. Roy. Soc ., 1903, 72, 7. 

7 Hjortdahl, be. cit. 
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Tin dimethyl diibrmate . a : b : c=-7287 : 1 : *4784 
Calcium formate . =-7599 : I. : *4671 

Barium formate . =-7G50 : 1 : 2(*4319) 

Lead formate . =^*7417 : 1 : 2(*4219) 1 II 

A diaeetate, di butyrate , divalerate , and dieaprylate have been prepared, 
also^ double salts of above compounds with pyridine and quinoline . 2 

Tin diethyl salts. I) {fluoride. -This crystallises in tufts of needles, 

or rhombic* plates, M.pt. 287° to 290° C., previously sintering at 240° C. 
It forms a double salt, K/LSnF 2 . 2 KF, which crystallises in stout leaflets. 

Diehloride . ( 1 ) Prepared by treating the oxide with aqueous chloride 

solutions, or adding ammonium hydroxide to a hot alcoholic solution 
of the dichloride these preparations giving the double salt, Ft 2 SnCl 2 . 
Et 2 SnO, n ( 2 ) By adding hydrochloric acid to the oxide. 

The anhydrous compound melts at 84° C., when hydrated at 74 ° C., 
B.pt. 220 ( and when freshly prepared it is soluble in alkalies. It 
forms the following double salts: Ft 2 Sntd 2 . 2 NII 3 , an amorphous, white 
pmvder, decomposed by water; Kt 2 SnCI 2 .PtX.U 4 .7Il 2 0, tetragonal 
I a pyramids. 

Dibromide . Occurs as white needles from alcohol, M.pt. 68 ° C ., 4 
B.j jL 282" to 288" C, or 7 4" C. at 13 mm., easily soluble in water, alcohol, 
or ether. 

Di-iodide. ( 1 ) Obt ained by the action of sunlight on a mixture of tin 
ami ethyl iodide or by heating the mixture at 180° C. r> ( 2 ) By heating 
together tin amalgam and ethyl iodide. ( 8 ) From tin tetraethyl and 
4 atoms of iodine , 0 (4) From tin triethyl iodide and iodine. (f>) From 
tin diethyl and iodine * 7 It crystallises from alcohol in needles, M.pt. 44° 
to 45" (\, H B.pt * 2 1*5" to 2 Mf readily soluble in ether or hot water, 
sparingly in cold water. It forms the following double compounds:™ 

Ft 2 SnI o. 2 N I I a ; Ft 2 Sn 1 2 . 8 Kt a SnO ; FLSnl 2 .Ft 2 SnO 

The following salts an* also known : .sulphate, crystallises in plates, 
soluble in alcohol or water ; dinitrate , crystallises in prisms and forms a 
double salt with the oxide, Kt, 2 Sn(N(.) 3 ) 2 .Kt 2 Sn0.H 8 0 ; phosphate , 
needles; dijhrmate , prisms, easily soluble in water, sparingly in alcohol; 
di-acetate, prisms or plates from alcohol, sparingly soluble in water, readily 
in organic solvents ; dioaulatv , white powder ; di-ttHlidenlieyanide, Ft 2 Snl a . 
Ft oSn((‘N )o, a crystalline powder formed from the iodide by the action 
of silver cyanide ; difhioepauute , crystals from alcohol, readily soluble in 
other. 

(hide. { 1 ) Obtained by t renting the iodide with ammonium hydrox- 
ide, ( 2 ) Potassium hydroxide, 28 grams in 150 e.e. of water, is mixed and 
shaken wit h 1 5 grains of stannous chloride in 50 e.e. of water. The black 
precipitate is tittered off and 10 grams of ethyl iodide added and a fair 
hulk of alcohol. After six to eight hours’ heating on the water- bath, 
most of the alcohol is distilled off and carbon dioxide passed into the warm 

1 HjuriUali!, Juhrmtnr.. 1879, |i. 772, 

8 Pfeiffer, Antmkit, 19 10, 376 , 319. 

8 Streeker, Aunnkn, S 802, 1 . 23 , 398, 

I Werner, Z* it. anttry, Ohem*, 1898, 17 , 90. 

* .Friu 1 kliiii.dl» Antutkn, 1853, 85. 332; Cahuura, ihuL, 1800, 114 , 354* 

II l.Atleniairg # Utt„ 1871, 4 , 20, 

* LOwig, Antmlm , 1852, 84 , 821* 

* Pfeiffer, Hrr. t 1902, 35 , 3303* 
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solution. Three grams of a white, powdery precipitate are obtained, 
which consists principally of the required oxide. It is an amorphous 
powder, insoluble in water, alcohol, or ether, but dissolving readily in 
acids or alkalies. Hydrogen halides convert it to the corresponding 
halogen compounds. 1 

Tin dipropyl salts. — Normal Projpyl Compounds : Difluoride . — This 
crystallises from methyl alcohol on concentration in rosette-like groups 
of plates, sintering at 200° C. and melting at 204° to 205° C. 

Dichloride . — The di-iodide is dissolved in potassium hydroxide and the 
solution acidified with hydrochloric acid. It forms magnificent colour- 
less, rhombic crystals, M.pt. 80° to 81° C., consisting of very acute 
pyramids, with very perfect cleavage parallel to the base, resembling 
the cleavable pyramids of mercuric bromide. 

Tin di-n-propyl dichloride . a : b : c=*6943 : 1 : ^(1-0047) 
Mercuric chloride . . „ =-7254 : 1 : 1-0648 

Mercuric bromide . . „ =*6817 : 1 : 1-0183 2 

The di-iodide is obtained by heating tin foil with propyl iodide. 3 It 
boiJs at 270° to 273° C., but is decomposed on distillation, yielding 
stannous iodide, and a gas is evolved. 

Oxide . — When the preceding compound is treated with potassium 
or ammonium hydroxides, the oxide separates as a white, amorphous 
substance. It is insoluble in alcohol, ether, or water. Halogen acids 
convert it to the corresponding salts. 

The following salts are known, most of which appear to have good 
crystalline structures : dinitrate , sulphate, diformate, diacetate, oxalate, 
and tartrate. 

Isopropyl Compounds . — The dichloride, melting at 56-5° to 57-5° C., 
insoluble in water, soluble in alcohol or ether, and the di-iodide, B.pt. 
265° to 268° C., are prepared by the usual methods. Oxide, prepared 
from the trichloride in the usual manner, is an infusible powder. With 
hot concentrated hydrochloric acid it yields tin di-isopropyl dichloride, 
transparent crystals from benzene, M.pt. 80° to 84° C., soluble in water, 
alcohol, hot benzene, or hot glacial acetic acid. With pyridine hydro- 
chloride it gives (C 3 H 7 ) 2 SnCl 2 . 2 C 5 H 5 N. 2 TICl. Tin di-isopropyl di- 
bromide forms pale yellow, hygroscopic crystals, melting about 54° C. 
It also forms a complex with pyridine hydrobromide. A diformate, 
diacetate, and oxalate are also known. 

Tin di-isobutyl salts. — The dichloride is a colourless, mobile, heavy 
liquid, B.pt. 260° to 262° C., solidifying at 5° to 6° C. to a mass of silky 
needles resembling asbestos, whilst the di-iodide occurs as a colourless 
liquid, B.pt. 290° to 295° C., obtained by heating tin foil and isobutyl 
iodide to 120° or 125° C. in a sealed tube for several hours. With 
potassium or ammonium hydroxide it yields a white, amorphous pre- 
cipitate of the oxide, which gives crystalline salts with acids. 

Tin di- isoamyl salts. — The following have been isolated : dichloride, 
M.pt. 4° to 5° C. ; sulphate, white, insoluble powder ; oxide, amorphous 
powder. 4 

1 Pfeiffer, Bar., 1902, 35 , 3303. 

2 Hjortdahl, Jahresber ., 1879, p. 772. 

3 Cahours and Demar§ay, Gompt. rend., 1879, 89 , 70. 

4 Grimm, Annalen , 1854, 92 , 384, 390 ; Cahonrs and De mar 9 ay, Gompt. rend., 1879, 
89 , 68. 
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The following ammonia and amine compounds of tin dialkyl halides 
have recently been described 1 * * * : tin dimethyl dichloride dianiline , Me 2 Sn 
Cl 2 .2FhN II 2 ; the diqmnoline salt forms white crystals, M.pt. 40° to 60° C., 
unstable in moist air, the dibromide melting at 80° to 115° C. Tin diethyl 
dichloride and dibromide both fori ndiamlme, and the latter a mono aniline 
compound. Tin dipropyl dibromide yields a dianiline derivative. 

All the ammonia compounds are of the type R 2 SnX 2 .4NH 3 , except 
the tin diethyl dichloride compound, which only contains 3NII 3 . 

A collection of physical data of various tin alkyls is shown in Table 
XVI. of the Appendix,- 


Alkyl Derivatives of the Types It.SnO.OH; RSnX 3 . 

Methyl stannonic acid. 8 — Preparation : Twenty grams of stan- 
nous chloride in 50 c.c. of water are added with stirring to 100 c.c. of 
20 per cent, potassium hydroxide, and the mixture treated with 14 
grams of methyl iodide in 100 c.c. of alcohol. The whole is allowed to 
stand for three days and should be frequently shaken. The alcohol is 
removed at 40° CL, and hydrochloric acid added until the solution is acid 
and the white, gelatinous precipitate begins to redissolve. The latter is 
filtered, washed free from chloride by cold water, and dried in vacuo over 
sulphuric acid. Yield 13*5 grams. The reaction takes place according 
to the equation : 

K USn () 2 I Mel — Me.SnO.OI I +KT 


It may also be obtained from tin methyl tri-iodide by evaporation with 
an aqueous solution containing 3 mols. of sodium hydroxide. 

The acid is a white, amorphous, infusible solid which decomposes at 
a red heat, leaving stannic oxide. Heated with ammonium nitrate, it 
yields carbon dioxide, water, and stannic oxide ; heated in the absence 
of air, methane is produced. It is insoluble in water and the usual 
organic solvents, but readily dissolves in cold solutions of alkali and 
ammonium hydroxides, or in lime water. It also dissolves in mineral, 
acetic, and tartaric acids. When ammonium hydroxide is added to the 
dilute acetic acid solution of the acid, no precipitate is formed until the 
solution is boiled. This indicates the existence of an ortho acid, 
McSn(OII) af which decomposes on heating to form the stannonic acid. 
When the acid is boiled with dilute potassium hydroxide a clear solution 
is never obtained, and if the alkali be concentrated, methane, tin tri- 
methyl hydroxide, and tin dimethyl oxide are formed. Heating with 
solid potassium hydroxide and a very small quantity of water yields 
methane and a considerable amount of tin tctramcthyl. With con- 
centrated hydriodie acid, the acid yields the iodide, this method being 
general for the production of the halides. The complex , (MeNHPh) 2 . 
lLMeSu(1 {> , is prepared by evaporating a solution of the acid and di- 
methvlanUiue in dilute hydrochloric add to the crystallising point. It 
forms small, white granules, M.pt. I94 w CL, the aqueous solution having an 
acid reaction. With aniline a similar complex is formed, which crystal- 
lises in short prisms, M.pt. 214° CL, the clear aqueous solution being 


1 PfrifFu 7ml. amrg , (’Am., 1924, 133, 91. 

f Ur iittor and Kmwaa, Bm, 1917, 5 C >* 1802. 

* Mt'yctr, 1883, 16, 1442 ; Hmifrr am 1 Lohnardt, %bUL f 1903, 36, 1054; 

Po&ohey, Proe. Hoc., 1903, 7 2, 7 ; Druoe, Ohem. Neuw , 1920, 120 , 229. 
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acid to litmus and unchanged on boiling. The pyridine complex 
crystallises in pale yellow plates, M.pt. 800° C. 

Tin methyl trichloride, MeSnCl 3 , is prepared by treating the acid 
with concentrated hydrochloric acid, phosphorus trichloride, or hydrogen 
chloride at 100° C. There seems to be a wide difference of opinion 
regarding the melting-point of the compound : Druce 1 obtained 
crystals from hydrochloric acid solution, M.pt. 40° C. ; Pope and 
Peachey 2 from light petroleum, long prisms, M.pt. 105° to 107° C.., 
distilling without decomposition at 179° to 180° C. ; Pfeiffer and Leh- 
nardt, 3 crystals from ligroin, M.pt. 53° C. It fumes in air and dissolves 
in water to a clear solution, and is soluble in the usual organic solvents. 
With aniline it forms the above complex, M.pt. 214° C. 

Q Tin methyl tribromide crystallises in needles or prisms, M.pt. 
50° to 55° C. It fumes slightly in air and has a similar solubility to the 
chloride. 

Tin methyl tri -iodide —Preparation : (1) Methyl stannonic acid 
is treated with colourless hydriodic acid. 4 (2) Tin tetramethyl (2 parts) 
and stannic iodide (7 parts) are heated on the water-bath, then allowed to 
stand for a few hours. 5 (3) Methyl iodide and stannous iodide are heated 
at 160° C. for four hours. 8 (4) To the solution of 19 grams of methyl 
iodide and 2-8 grams of magnesium in dry ether, 20 grams of stannic 
iodide are added in small portions, and the whole boiled for two hours. 
The mass is decomposed by acidified water and the ether layer separated 
off and dried. 3-9 grams of oil are obtained between 155° and 180° C., 
from which 2 grams are isolated between 160° and 170° C. Redistillation 
gives 1-3 grams of pure iodide, B.pt. 170° C. 

Q The melting-point given by the various investigators varies between 
82° and 85° C. The compound crystallises in needles or prisms, very 
readily soluble in alcohols, ether, ligroin, or chloroform or benzene. Its 
aqueous solution has a strong acid reaction, nitric acid precipitating 
iodine. Hot alkali precipitates methyl stannonic acid. Treatment 
hydrogen sulphide converts the iodide to the corresponding sul- 
phide, which is soluble in ammonium sulphide, but insoluble in the 
usual organic solvents. 

Basic tin methyl sulphate, MeSn(0H)S0 4 .xH 2 0, is obtained as a 
white powder when methyl stannonic acid is warmed with 50 per cent, 
sulphuric acid. It slowly dissolves in water, leaving a glassy mass, but 
cannot be precipitated from its aqueous solution by alcohol. 7 

Ethyl stannonic acid . 8 Prepared in a similar manner to the 
methyl compound, it forms a white, amorphous, gelatinous substance 
which becomes yellowish-brown and transparent on drying. It is in- 
soluble m water and the common organic solvents, but dissolves in dilute 
mineral acids. When freshly prepared it is soluble in alkali hydroxides, 
but becomes insoluble after keeping; When strongly heated in the 
absence of air it yields ethane and ethyl alcohol. The following salts 
have been prepared : sodium , potassium , magnesium , barium , and 
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topper; also basic salts of silver, zinc, mercury , cobalt , nickel , manganese , 
and strontium , Solution of the acid in concentrated hydrochloric acid 
gives a stannic acid , IL>SnEtCl 5 , which forms colourless prisms, decom- 
posed by water, and yields a potassium and aniline salt. Tin diethyl 
oxide is formed by boiling the acid with 10 per cent, sodium hydroxide. 

Tin ethyl tribromide occurs as colourless, feathery crystals, 
which become brown on heating, but do not melt at 310° C. It is soluble 
in water, but the solution soon becomes turbid, owing to the formation 
of ethyl stunnonic acid. 

Propyl stunnonic acid 1 is obtained by shaking ethyl bromide with 
an alkaline solution of potassium hydrogen stannite in the presence of 
alcohol for fourteen days. It is a white powder which yields propane, 
propyl alcohol, propylene, water, and tin oxides when heated in the 
absence of air. The acid forms sodium , potassium , and basic calcium 
and barium salts. Tin propyl tribromide and trichloride are prepared 
from it in the visual manner, and boiling with 10 per cent, alkali con- 
verts them to the dipropyl oxide. 

Isopropyl stannonic acid 2 * is a white, amorphous substance, 
giving isopropyl alcohol, propylene, and a trace of propane when heated 
in the absence of air. it is insoluble in water or organic solvents, but 
dissolves in dilute mineral acids and alkalies. The sodium and potas- 
sium salts have been obtained, and the oxide is formed in the usual way. 

Tin isopropyl tribromide forms deliquescent, pale yellow, pris- 
matic tablets, melting about 1 12° C. Its aqueous solution is strongly 
acid. With pyridine hydrobrornide it forms the complex C ; ,lI 7 .SnBr :i . 
2( , f JI f ,N.2HBr, which is unchanged at BOO" C. 

Tin isopropyl trichloride. This compound has not been isolated 
in t he free state, but, only as a compter compound with pyridine hydro- 
chloride, analogous to the one from the above bromide. 


Alkyl Derivatives of the Types tt 2 Sn and R n Sn. 

Free tin dimethyl, 2 (Me^Sa)^ This has been prepared in two 
ways: (I) A liquid ammonia solution of tin dimethyl di bromide is 
treated with two atoms of sodium, thus removing the halogen. (2) An 
ammonia solution of disodium dimethyl stnnnane is treated with one 
molecular equivalent of tin dimethyl dibromide. In both eases the 
group MeJSn is precipitated as a yellow solid, insoluble in organic or 
inorganic solvents and readily oxidising. The substance from prepara- 
tion (2) is very sensitive to oxygen, even exploding at low pressures. 

Tin diethyl 4 has been prepared in a variety of ways; (1) By the 
notion of ethyl iodide on an amalgam containing I part of sodium to 
0 parts of tin. (2) By reduction of tin diethyl chloride by zinc. (B) The 
following preparation is due to Pfeiffer: 5 One gram of tin diethyl 
chloride and 20 grams of 4 per cent, sodium amalgam in ethereal solu- 
tion are heated for a day on the water-bath in an atmosphere of hydrogen. 
The product is quickly filtered and dried in a vacuum desiccator, 

1 Drills ('turn. Vrim, 1923, 127, 309, 

* I Tran*, Chmh, 1922, X2X, 1 859. 

8 Kraus and Greer, «/. A mer. (Mem, Hoc*, 1925, 47 , 2508, 

* Lmvig, Ammfcn, 1852, 84, 309, 313; Kmnklaml, Annakn, 1853, 85, 338 ; Buokton, 
A malm, 1899, xxa, 220. 

* PftfilTnr, lter. t 1911, 44 * 1209. 
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Pfeiffer claims that tin diethyl may also he prepared by the interaction 
of ethyl bromide, sodium amalgam, and stannous chloride in an atmo- 
sphere of hydrogen. Tin diethyl is obtained as an oil, which gives a 
clear solution in benzene, ether, or ligroin. When distilled at 25 mm. it 
forms metallic tin and a brown mass. It instantly reduces silver nitrate 
to metallic silver. Air oxidises it to tin diethyl oxide, and halogens add 
on directly forming the corresponding dihalides. Ethyl iodide yields 
tin triethyl iodide. The density of tin diethyl is 1-558 at 15° C. 

Tin trimethyl. 1 - — Tin trimethyl bromide is dissolved in liquid 
ammonia and treated with sodium, when the tin trimethyl is precipitated. 
It melts at 23° C., and boils at 85° to 88° C. at 45 mm. or 182° C. at 
756 mm., and has a density of 1-570 at 25° C. With sodium in liquid 
ammonia it yields sodium trimethyl stannide. It is oxidised in air to 
an insoluble product, and combines with sulphur in benzene solution to 
form tin trimethyl sulphide. With halogens, tin trimethyl forms the 
corresponding halides, the chloride being also formed by the action of 
calcium or mercuric chloride on ethereal solutions of the compound. 
Tin trimethyl halides react with sodium trimethyl stannide to form tin 
trimethyl. The latter, with p-dichlorobenzene and a little ether in liquid 
ammonia, gives C 6 H 4 (SnMe 3 ) 2 , M.pt. 123° to 124° C., the benzene solu- 
tion of which gives tin trimethyl iodide and p-di-iodobenzene when 
treated with iodine, whilst sym-dichloroethane forms tin trimethyl and 
sodium chloride. Tin triethyl iodide gives SnMe 3 .SnEt 3 , B.pt. 235° C. 
at 748 mm. Its density at 20° C. is 1-431. 


Alkyl Derivatives of the Type R 3 Sn.SnR 3 . 

Hexaethyl - distannane . — This compound until 1917 was the only 
one of its type, and was prepared in the following manner: (1) Tin 
triethyl iodide heated with sodium. 2 (2) By heating ethyl iodide with 20 
per cent, tin amalgam. 3 Molecular weight determinations were carried 
out by Ladenburg and Rugheimer. 4 It has more recently been pre- 
pared 5 by heating 5 grams of sodium powder, 59-2 grams of tin triethyl 
bromide, and 50 c.c. of dry ether in a sealed tube at about 120° C., 
with shaking, for ten hours. Yield 90 per cent. The formation of 
tin tetraethyl and other by-products was not noticed. The compound 
is a fuming liquid, B.pt. 265° to 270° C. ; 146° to 148° C. at 14 mm. ; 155° 
to 157° C. at 19 mm. ; density 1-4115 at 0° C. It is insoluble in water 
and dilute alcohol, and when added to alcoholic silver nitrate, silver is 
precipitated. Stannic chloride yields tin triethyl chloride, and chlorine 
tin diethyl chloride. Tin triethyl iodide may be obtained from it, either 
by the action of iodine or by heating with ethyl iodide at about 220° C. 
More recently 6 hexamethyl-distannane has been obtained in 84 per 
cent, yield by the interaction of tin trimethyl bromide and metallic 
sodium in liquid ammonia. By a similar process trimethyl triethyl - 
distannane is obtained as a liquid at ordinary temperatures. The 
following compounds have been prepared in a similar manner, the 

1 Kraus and Sessions, J. Amer. Chem. Soc.> 1925, 4 7 , 2361. 

2 Ladenburg, Annalen Supply 1872, 8 , 65. 

3 Cahours, Annalen , I860, 114 , 251, 255. 

4 Ladenburg and Riigheimer, Annalen , 1909, 364 , 51. 

5 Griittner, Ber. f 1917, 50 , 1808. 

6 Kraus and Bullard, J. Amer . Chem . Soc. 9 1926, 48 , 2132. 
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yields being as shown: hexa-n- propyl -distannane (88 per cent.), 
hexa - isobutyl - distannane (93 per cent.), sym. tetraethyl-di-n- 
propyl -distannane (88 per cent.), sym. tetraethyl -di -isobutyl - 
distannane (92 per cent.). 

The general properties of the compounds may be expressed in the 
following manner: The hexa-alkyl distannanes arc colourless, strongly 
refracting, and colour-dispersing liquids, only the isobutyl compound 
(M.pt. ■13 *8° C.) is solid at the ordinary temperature. They have a 
penetrating and unpleasant smell, differing distinctly from the tin 
trialkyl halides. In absolute alcohol they arc very slightly soluble, as 
are t he tin tetra-alkyls, but are miscible with organic solvents. In spite 
of their high boiling-points, they are volatile unchanged under reduced 
pressure, and on the whole at high temperatures they arc just as stable 
as the tin tetra-alkyls, but in contact with the air they arc slowly oxi- 
dised to tin trialkyl oxides, in contrast to the tin tetra-alkyls. Treated 
with halogens in the cold they yield tin trialkyl halides, and also with 
mercuric chloride or bromide, the latter compounds being reduced to the 
metal. Anhydrous bismuth bromide splits off an alkyl group. Heated 
with methyl iodide at 180° C., the stannaries are converted into 1 mol. 
of tin trialkyl methyl and 1 mol. of tin trialkyl iodide. The grouping 
: Sn.Sn : , besides accounting for the strong optical properties of the 
compounds* no doubt increases their stability at high temperatures 
and decreases their stability towards oxidising agents. 

Some physical constants of the compounds are shown in Table XVII. 
of the Appendix, 

Disodium tetramethyl-di8tanmine, < NaSnMe 2 .SnMc :i Na. 1 -When 
metallic sodium is added to tin dimethyl dibromide in liquid ammonia, 
immediate reaction occurs, if one atom of sodium is added for each 
atom of bromine in the compound the following reaction takes place: — 

Me a SnHr a +2Na f ~Me,Sn +2NaBr 

The tin dimethyl, which is polymerised, appears as a yellow precipitate. 
If, however, the addition of sodium is continued, the following change 
occurs : 

2Me 2 Sn ( 2Na NaSnMe 2 .SnMe 2 Na 

The latter compound gives a red solution in liquid ammonia, and with 
methyl iodide decomposition occurs in the following manner: 

NaM(‘ 2 Sn.SnMe 2 Na ( 2MeI Me a Sn . Sn M c 3 -| -2 Nal 

Disodium dimethyl -atannane, Na*SnMc 2 . ■ The above compound 
in liquid ammonia with metallic sodium decomposes according to the 
equation : 

N a M e t B n.Sn M e a N a + 2Na • - 2 N a 2 S i \ M e 2 

This disodium salt gives an intensely red solution in liquid ammonia, 
which is opaque at high concentrations. With methyl iodide it gives tin 
tetramethyl, 

Na 2 SnMe* | 2MeI -Sn Mc 4 +2NaI 

Disodium hexamethyl-tristannane, NaSnMe 2 .SnMe 2 .SnMe 2 Na 
* Kr&uu and Outer* Aimr, Chem, 1925, 47 , 2508. 
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— This product is formed by the action of tin dimethyl dibromide on a 
solution of disodium dimethyl stannane. The compound is readily 
soluble, and chemically very active. With ethyl bromide the two 
sodium atoms are replaced by ethyl groups, forming EtSnMe 2 .SnMe 2 . 
SnMe 2 Et. This substance is not stable in air, oxidation slowly taking 
place. It may be distilled under reduced pressures at a temperature 
of from 80° to 100° C., but some decomposition occurs. 

Dodecamethylpentastannane, Me 3 Sn.SnMe 2 .SnMe 2 .SnMe 2 .SnMe 3 , 
is isolated when disodium hexamethyl tristannane is treated with tin 
trimethyl bromide. 

Dimethylmethylene stannane, Me 2 Sn=CH 2 , is prepared by 
treating disodium dimethyl stannane with methylene chloride. It is 
a liquid at ordinary temperatures, but oxidises slowly in air and is 
reactive with halogens. Its properties change with time, pointing to 
polymerisation taking place. 


Aryl Derivatives of the Type R 4 Sn. 

Tin tetraphenyl, Sn(C 6 II 5 ) 4 . — This compound has been prepared 
by three methods : (1) By heating together 500 grams of tin amalgam 
(25 per cent. Na : 75 per cent. Sn), 600 grams of bromobenzene, and 25 
grams of ethyl acetate in an oil-bath. 1 The reaction commences at 
about 70° C. and is completed by heating the mixture for thirty hours at 
the boiling-point, a thick brown mass separating out. The latter is 
boiled with benzene, the solution on cooling giving 100 grams of crude 
tin tetraphenyl. (2) An easier method of preparation is by use of the 
Grignard reagent, as follows : 2 To 20 grams of bromobenzene and 
3 grams of magnesium dissolved in dry ether, 5 grams of stannic chloride 
are added drop by drop at room temperature. The mixture is then 
refluxed for two hours, allowed to stand for a day, decomposed with 
dilute hydrochloric acid, filtered, and dried. The residue is boiled with 
pyridine, the cool solution depositing needles of tin tetraphenyl. Yield 
of pure product, 57 per cent. (3) Zinc diphenyl method. 3 Magnesium 
phenyl bromide is treated with anhydrous zinc chloride in ether sus- 
pension in an atmosphere of nitrogen. After completion of the reaction, 
toluene is added and the ether distilled off. To the cooled solution, an 
equivalent amount of stannic chloride in toluene solution is added and 
the mixture boiled for one hour. The mass is treated with dilute 
hydrochloric acid and the solution filtered, the residue being extracted 
with benzene and added to the toluene layer of the filtrate. The 
mixture is concentrated and cooled, vdien a 91 per cent, yield of product 
is obtained, M.pt. 224° to 225° C. 

It is easily soluble in hot benzene, pyridine, glacial acetic acid, chloro- 
form, or carbon bisulphide, with difficulty in alcohol or ether, and in- 
soluble in light petroleum. The melting-point is given by various 
investigators, and ranges between 220° to 226° C. When heated in air, 
tin oxide results, and the halogens react according to the equation : 

Sn(C 6 H 5 ) 4 +2Hal 2 =Sn(C 6 H 5 ) 2 Hal 2 +2C 6 H 5 Hal 

1 Polis, Ber., 1889, 22 , 2915. 

2 Pfeiffer and Schnurmann, Ber., 1904, 37 , 319. 

3 Chambers and Scherer, V. Amer. Ohem, 80 c . , 1926, 48 , 1054. 
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When boiled with thallie ehloride in xylene solution, the reaction is 
more complicated, and is best represented as follows : 1 

( 1 ) ;iSn(('„H 5 ),, | 2 Tlt’l., aTl(C fl H s ) 2 C1 +2Sn(C 6 II 5 ) 3 Cl +Sn (C 6 II 5 ).,C1 2 
(-) Siitl'fllla ) a CL 1 1 LO Sn(C e n 5 ) a (OH)Cl+‘HCl 

l lie lollow inq reaction takes place quantitatively with stannic 
chloride:- ~ 

S«(C«H6)4+SnCl 4 r=:2Sii(C e II 5 ) i Cl 2 

The substance is isomorphous with the tctraphenyls of lead and silicon, 
ami crystallises in prisms belonging to the tetragonal system, 

a : e l : 0-8898 ; 1 11 . : 110 ,70° 35 ' 

Tin tetra-o-toIyl a is prepared by adding 50 grams of stannic chloride 
in 200 e,e. of ether, drop by drop, to the Grignard solution from 220 
grains of o-hromotoluene in 000 c.c. of ether. The whole is boiled for 
t welve hours under reflux, decomposed with water and ammonium 
chloride, the ethereal solution being separated off. The product remain- 
ing in suspension is recovered by washing the residue with alcohol, and 
refluxing it with benzene. The crude product is steam-distilled, to 
remove o bromotoiuene and di-o-tolyl, and recrystallised from 400 c.c. 
of ether. Yield 35 per cent. The product consists of a snow-white 
powder, fairly soluble in benzene, less so in ether, and insoluble in 
alcohol. If crystallises from ether in tufts of very fine needles, M.pt. 
158“ to 150“ (\ 

Tin tetra-m-tolvld The preparation is similar to the preceding 
one, but the yield is only 20 per cent. It crystallises in colourless, 
glistening needles from absolute alcohol, M.pt. 128*5° C., easily soluble 
in cold benzene, boiling ether, or boiling alcohol, with difficulty in cold 
ether or alcohol. 

Tin tetra-m-xylyl, (Me,/t 0 n a ) 4 Sn, is obtained by treating the 
Grignard solution from 820 grams of l-bromo- 2 : 4-xylene in 800 c.c. of 
ether, with 80 grams of stannic ehloride. The yield is only 15 grams or 
7*2 per cent. It crystallises from benzene on the addition of ether in 
doubly refracting needles, a millimetre long, M.pt. 224° C. (eorr.). 
Heated in a seated tube, the molten substance becomes yellow at 287° C., 
and decomposes about 800° V. 

Tin tetra-p-xylyl crystallises from benzene in quadratic columns 
or cubes, M.pt. 278° Cb (eorr.), becoming yellow at 842° C., darker at 
8 17 and decomposing at 800° C. Yield 50 per cent. 

Tin tetra«cyclohoxyl. & - Cyelohexyl bromide, 192 c.c. (250 grams), 
or 182 e.e. (182 grams) of eyelohexyl ehloride, are converted into the 
magnesium compound, the mixture being heated for two hours to 
complete t he reaction. The ethereal solution is then poured off and 
mixed with 800 e.e. of pure, dry benzene. To the mixture, with ice 
cooling and mechanical stirring, 75 grams of stannic ehloride in 200 c.c. 
of dry benzene are slowly added dropwise. The reaction is violent and 
completed by three hours’ boiling. The mass is decomposed by ice- 

1 Oiuitlurti nut! Uoddiml, Tran#, (-hem* Hoc,, 1922, X 2 X» 256. 

* Uiddimi* Aahley, and Kvnim, Tram, Vhem. Hoc., 1922, X 2 i, 978. 

a limuir and Hriimit'/., tkr„ 1919, 5 2 * 4 * * i 8 |» 2150. 

4 Kriawt* and It. l&wker, Her,, 1920, 53 , [B], 184. 

4 (u uttm*r, Her,, 1914, 47, 9257 ; KrauBo and Pohland, ibid., 1924, 57 , [BJ, 535. 
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water and treated with 5 per cent, hydrochloric acid to dissolve the basic 
magnesium salts. The benzene-ether layer is separated, washed, dried, 
and evaporated to about 35 c.c. bulk. Crystals separate on cooling, and 
are recrystallised from benzene by the addition of alcohol. This crude 
product is changed to the monobromide, and the latter treated with 
cyclohexyl magnesium bromide, when pure tin tetra - cyclohexyl is 
obtained. It crystallises from benzene in small, colourless, quadratic 
plates, resembling the corresponding lead compound. The pure com- 
pound sinters at 263° to 264° C., at 290° C. a yellowish cloudiness appears, 
and at 307° C. the product suddenly becomes dark gray and tin separates 
out. When pure it is odourless, air-stable, very soluble in hot benzene, 
moderately soluble in warm ether, and sparingly in hot alcohol. By 
the action of bromine in carbon disulphide solution, tin di-cyclohexyl 
dibromide is formed, and iodine gives the corresponding di-iodide, but 
stannic chloride only removes one cyclohexyl group, giving tin tri- 
cyclohexyl chloride. 

Tin tetrabenzyl 1 is obtained by treating 1 mol. of stannic chlor- 
ide in ether, in the presence of 4 atoms of magnesium, with an ethereal 
solution of 4 mols. of benzyl chloride. After completion of the 
reaction the ether is distilled off, and the residue heated at 100° C. for 
two to three hours. On cooling, the mixture is decomposed by water, 
steam-distilled, and filtered, the dry residue being crystallised from light 
petroleum. The compound forms colourless, well-defined prisms, 
M.pt. 42° to 43° C., which are readily soluble in most organic solvents. 
It is oxidised in the atmosphere at ordinary temperatures, forming 
benzaldehyde, this often being noticed with benzyl compounds of tin. 

Tin tetra -a -thienyl , 2 (C 4 H 3 S) 4 Sn. — A suspension of stannic 
chloride in ether is slowly added to the Grignard solution from ct-iodo- 
thiophene and magnesium in dry ether, and the reaction is completed by 
boiling for one hour on the water-bath. On working up in the usual 
manner, tin tetra-2-thienyl is obtained in needles or prisms, M.pt. 156° C. 
(corr.), fairly soluble in benzene, hot ether, and hot alcohol, sparingly 
soluble in cold ether, and insoluble in cold alcohol. The alcoholic 
solution when boiled with silver nitrate remains unchanged. 

Aryl Derivatives of the Types Ar 3 SnAr' and Ar 3 SnAlk. 

The compounds are prepared in a similar manner to the correspond- 
ing derivatives of lead, the starting-point being tin triphenyl chloride, 
but the yields in this case are practically quantitative. 3 

Tin -triphenyl p-tolyl crystallises from ether in fine rosettes of 
needles, M.pt. 124° C., and from hot alcohol in tufts resembling glass 
wool. It is also soluble in benzene and chloroform. 

Tin triphenyl p-xylyl crystallises from hot alcohol in colourless, 
oblong, hexagonal plates, M.pt. 100*5° C. The solubility of the body is 
similar to that of the above tolyl compound. 

Tin triphenyl a-naphthyl crystallises from alcohol in colourless, 
refractive prisms, M.pt. 125° C. 

Tin triphenyl cyclohexyl is obtained from tin triphenyl chloride and 
an excess of magnesium cyclohexyl bromide. It forms bushy, colourless 

1 Smith and Kipping, Trans. Ghem. Soc 1912, ioi, 2553. 

2 Krause and Renwanz, Ber., 1927, 6o, [B], 1582. 

3 Krause and Schmitz, Ber., 1919, 52, [B], 2150. 
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M.pt 13,1° to DT2 U C., easily soluble in benzene or ether, spar- 
i alcohol An iodine solution in benzene shows very little 
,m cold, but at <50° to 70° 0. slowly produces a pale yellow 

*»} alhses 1mm alcohol m plates, M.pt. 45° C., and no tin 

v n iodide is produced. 


tricyclohexyl phenyl is obtained from tin tricyclohexyl 
*, and rccrystallised Irom benzene-alcohol mixture. It crystal- 
4iuiw-\yhite, microscopic, fern-like ramifications of crystals, M.pt. 
192 t ., easily soluble in benzene or chloroform, sparingly in hot 

and insoluble in cold. 


tneyclohexyl p-tolyl, melting at 111° C., is a pure white, 
r powder, crystallising from hot alcohol in prismatic rods, 
triphenyl methyl 1 crystallises from ethereal solution on con- 
mi in colourless tetrahedra, melting at GO 0 C. to a clear, colour- 
lid. From this melt it crystallises in large, glittering rhomboids, 
soluble in benzene, chloroform, or ether, sparingly in cold 95 
t. alcohol. Its density at. 03-85° C. is 1-3113; n IIa 1-60001, 
(HU, 11 , 1 s l-ti‘2351, n„, I -08831 , at 03-85° C. From these data 
>\ving art' calculated ; ■ • 


-H|,„ 20-09, XR|, 20-32, 2A, „ 1-328, 0-819 

MRii„ MR|, 90-00, MA, „ 4-85, MA /3 . 2-990 

ting the value ol the atomic refractions of carbon and liydro- 
c following values arc obtained for the atomic refraction and 
dispersion of tin in the compound: 

AH Ha 14*53, AU u 14*72, AA, , u 1*440, AA^, a 0*870 

tri phenyl ethyl crystallises from alcohol in centric groups of 
late, highly refractive prisms, and from the molten crystals in 
iuspareat plates, M.pt. 5tf C. This and the preceding compound 
hick precipitate* of a double compound of silver phenyl and silver 
with silver nitrate, which becomes black on warming. The 
at 02 A*. is 1*295*1; »n« 1*50017, n„ 1*00542, n m 1*62236 at 62°. 
t these figures : 

illtiitt 20*38, £ll„ 20*01, VIA/, u 0*820, Mll Ha 99*90, 

Mil, i 100*81, MA ; , , a 3 X07 

;ive for tin in this compound, 

A H (l , 14*00, AHn 14*80, AA^ *0*917 

trkydohexyl methyl occurs ns a colourless, glycerine-like 
t . 22 I f t*. at 15 mm. in a current of nitrogen, and forms a glassy 
tic n cooled to ?5 M (\ It is miscible with benzene or ether in ail 
ions, insoluble in alcohol or water. Its density at 21*2° C. is 
Ufa* 1 *53379* Uj» 1*58781, n Ufi 1*54028, n H7 1-55384, at 21*2°. 

.ce 

UUtu 00*032, MHn 100*180, MA 7 8*098, MA^- rt 1*986 

•i fiiiHjmfitit! lnw more recently bwa prepared according to the following equation, 
i* 04 eomiucted in liquid ammonia: NaSn(O 6 H 6 ) 3 +OH 3 l!=»CH 3 Sii( 0 6 H 5 ) 3 

hillurd mat liobiitnoa, J, 4 me..n Vhvm, Hoc*, 1927, 49 , 1368). 
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The atomic refraction and dispersion of tin in the compound is 
AR Ha 14-461, ARd 14-642, AA 7 _ a 1-018, AA p _ a 0*643 

Tin tricyclohexyl ethyl is a very viscous oil, R.pt. 227° to 228° C. 
at 15 mm., with partial decomposition. Its density at 23-2° C. is 1*1766 ; 
n Ha 1-53453, n D 1-53797, n Hi s 1-54700, n H7 1-55459, at 20-2° C. These 
figures are for the distilled preparation, and a similar series is given 
for the non-distilled preparation. The figures for the atomic refraction 
and dispersion for tin in the compound are 

AR Ha 14-477, AR d 14-664, AA v „ a 1-014, AA /? _ a 0-652. 

Tin tribenzyl ethyl is formed by the interaction of tin tribenzyl 
chloride and magnesium ethyl bromide, the yield being almost theoretical. 
The product crystallises from alcohol-petroleum in colourless tablets, 
M.pt. 31° to 32° C., which .are easily soluble in ether, benzene, or chloro- 
form, less so in alcohol, and sparingly in light petroleum. 


Aryl Derivatives of the Types Alk.Alk'.SnAr 2 , Alk.AlkVSnAr, 
Alk 2 SnAr 2 , and Alk 3 SnAr. 

Tin ethyl propyl dibenzyl. 1 — When tin ethyl tribenzyl in carbon 
tetrachloride solution is treated with 1 mol. of iodine, the following 
reaction takes place : — 

Sn ( C 2 H 5 ) ( CH 2 . C 6 H 5 ) 3 + 1 2 = Sn (C 2 H 5 ) ( CH 2 C <$II 5 ) 2 I + C 6 II 5CII 2 I 

The tin ethyl dibenzyl iodide thus obtained is then treated with mag- 
nesium propyl bromide, the ether distilled off, and the residue heated at 
140° C. for one hour. After cooling, the mass is treated with water, 
and the oil thus formed dissolved in ether, the latter separated off, 
washed, and dried. On distillation, 70 per cent, of the oil distils at 
220° to 225° C. at 15 mm., and is pure tin ethyl propyl dibenzyl. It 
does not solidify at 0° C., and is oxidised in the air at ordinary temper- 
atures, whilst heating it under atmospheric pressure causes decomposi- 
tion, with the separation of metallic tin. It is miscible with all the 
usual solvents. For the action of sulphuric acid on this compound, see 
tin diethyl dibenzyl. 

Tin ethyl butyl dibenzyl . 2 — Tin ethyl dibenzyl iodide is treated 
with an excess of magnesium n-butyl bromide in ethereal solution, the 
ether distilled off, and the residue heated for one to two hours at 140° C. 
Distillation of the residue gives the required compound, boiling at 207° 
to 209° C. at 9 mm., or 175° to 180° C. at 3 to 5 mm. It is fairly soluble 
in benzene, less soluble in acetone and ether. 

Tin ethyl dibutyl benzyl occurs as a by-product in the above 
preparation. It is a colourless liquid, B.pt. 175° to 180° C. at 9 mm., or 
118° to 122° C. at 2-5 to 3 mm. 

Tin dimethyl diphenyl. 3 — This is formed by treating disodium 
diphenyl stannide with methyl iodide in liquid ammonia. The yield is 
about 84 per cent. 

Tin diethyl dibenzyl. — The product obtained from the interaction 

1 Smith and Kipping, Trans . Chem. 80 c . , 1912, 10 1 , 2553. 

2 Law, J. Chem. Soc ., 1926, p. 3243. 

3 Bullard and Robinson, J. Amer. Chem. 80 c ., 1927, 49 , 1368. 
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of tin di benzyl chloride and magnesium ethyl bromide is an oil, which 
on distillation gives a fraction at 223° to 224° C. at 20 mm., correspond- 
mg to the desi rod compound. This oil, which is slightly decomposed on 
distillation, is heavier than water, does not solidify at ordinary temper- 
atures, and is miscible with the usual organic solvents. On heathm in 
air it rapidly decomposes with the separation of metallic tin, and 
oxidation by the air produces bcnzaldehyde. 

When tin ethyl propyl dibenzyl or tin diethyl dibenzyl are treated 
with sulphuric acid or ehlorsulphonie acid, no sulphonic acids can be 
obtained. 

I In ti i methyl benzyl is prepared from sodium trimethyl stamiide 
a, mi benzyl ehloride in liquid ammonia, according to the equation : 

Me n SnNa |-C 7 I I 7 Cl=Me 8 wSnC 7 H 7 +NaCl 
It decomposes when heated to 21 5° 0. 1 

Tin trlmethyl phenyl." Sodium trimethylstannido when treated 
with bmmobenzene in liquid ammonia yields tin trimethyl phenyl, 
B.pi. 208" f<> 208" C, : but the main product of reaction is tri (trimethyl- 
stannyi famine, This is formed according to the equation : 

«NuSn((iI a ) a | 1 NII ;i -[SntCU^JJjjN+SCeHe+SNaBr 

Tin tnmethyl phenyl may also be prepared by the action of magnesium 
phenyl bromide on tin trimethyl bromide in benzene-ether solution. 
The yield by this method is 35 per cent, and the product distils at 203° 
to 208 ' It is a colourless oil, having a pleasant odour, and is con- 
verted by bromine to tin tri methyl bromide. 

Tin triethyl phenyl 3 is obtained as an oil, lt.pt. 254° from the 
reaction mixture derived from heating together tin triethyl iodide 
(I mol.), bmmobenzene (I mol.), and metallic sodium. It forms 
a colourless liquid, which has to be distilled in hydrogen, since it is 
partially oxidised in the air, has a fairly pleasant odour, burns with 
a sooty iiame, depositing metallic tin. It is highly refractive, and has 
a density I *203!) at 0° C M is easily soluble in alcohol and ether, but 
insoluble in water. With alcoholic silver nitrate, iodine, fuming hydro- 
chloric acid* and stannic ehloride, the following reactions take place ;*— 

2Sn(CJI 5 ) a (<^U 5 ) | 2AgN<V *8Sn(iyi s ) a NO s i C 12 II 10 +2Ag 

Sn((*»l 1 ftllf,) ■ [" 1 2 r*,bn(C 2 ll 5 ) ; jI | ( (} I I 5 l 

1 Htl .’Sn(C a H 5 ) 3 Cl +0 6 I l« 

Sn( C g 1 1 5 ) a ( t % $ 1 1 g ) I b n t ! I - &ft(C 2 ,l I § ) > 1 2 Sn( C 2 1 "I g ) ( C ) <j II g ) C 1 2 


Arif l Derivatives of the Type R u SnX. 

General Method of Preparation of Tin Triphenyl f I alkies:' Tin 
tetraphenyl (85*4 grams) is dissolved in 700 grams of hot pyridine with 
mechanical stirring and the solution rapidly cooled in ice, so that a very 
tine suspension of the compound is produced. At a temperature of 
48'* (\* 32 grams of bromine in 150 grams of pyridine are added in 0 

1 Kruuu ami Ballard, J. Amr. (them* Sac., K)25, 48 , 2185. 

,J Bullard and Kobiimon, loc, tit. 

9 Lmli*nbiir#, Atttmlm , 1871, 159 , 251, 

« knuims Hn%. 10! 8 , $x t MX 
VOL, Xt. : n 
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portions, with rapid stirring, and a clear yellow solution is obtained. 
The pyridine is distilled off and the bromobenzene removed in vacua , 
leaving a thick, brown residue which is dissolved in ether, treated with 
hydrochloric acid to remove traces of pyridine, and any unchanged tin 
tetraphenyl filtered off. By shaking the ethereal solution with 30 per 
cent, sodium hydroxide, the halide is changed to the hydroxide, from 
which the halides may be obtained by the action of halogen acids. 
Yields 90 to 95 per cent. 

Tin triphenyl chloride. — This has also been obtained by three 
other methods : (1) Tin diphenyl dichloride is treated with sodium 
amalgam in ether solution, or with ammonia. 1 (2) When an acidic 
acid solution of tin diphenyl dichloride is treated with sodium nitrite, 
85 per cent, of the tin compound is converted to tin triphenyl chloride, 
nit roso benzene also being formed. 2 (3) It occurs amongst other pro- 
ducts, when tin tetraphenyl is decomposed by thallie chloride. 5 * It 
crystallises from ether in colourless crystals, M.pt. 1()<>° 0., which are 
partly octahedral and partly prismatic. It boils at 2 10“ ('. at 13*5 mm,, 
and is soluble in all the usual solvents. 

Tin triphenyl bromide has more recently been prepared 4 by 
treating tin tetraphenyl in boiling chloroform with iodine, when tin 
triphenyl iodide is produced. This is then changed to the hydroxide 
by 30 per cent, sodium hydroxide, and the solution shaken with con- 
centrated hydrobromic acid. Yield 50 per cent. This method obviates 
the cooling in solid carbon dioxide adopted by Krause. 5 It crystallises 
in millimetre-long pyramids or oetahedra, and from dilute solution in 
fern-like masses. It melts at 120*5° C., and boils at 249° C, at 13*5 mm. 

Tin triphenyl iodide forms large, four-sided, mouoelime prisms, 
M.pt. 121° C., B.pt, 253° C. at 13*5 mm. 

Tin triphenyl fluoride 5 occurs as fine, snow-white prisms, M.pt, 357° 
C., becoming brown at 345° C. It is sparingly soluble in cold alcohol, <4 her, 
or water. 

Tin tri-o~tolyl chloride crystallises from alcohol in thick, colour- 
less prisms, M.pt. 99*5° C* The bromide forms compact, rhombic plates, 
M.pt. 99*5° C., and the iodide rhombic crystals, M.pt. 119*5° V. The 
solubilities of these three compounds are similar to the corresponding 
para compounds. 

Tin tri-p-tolyl chloride forms rhombic plates, M.pt. 97*5° ('., 
from hot alcohol. It is easily soluble in benzene or ether, sparingly in 
absolute alcohol. The bromide crystallises in colourless rhomboids, 
M.pt. 98*5° C,, and has a similar solubility to the chloride. The iodide 
crystallises in a like form to the bromide and melts at 120*5° (!., and has 
also a solubility similar to the chloride. The fluoride forms hair-line 
needles, melting in a sealed tube at 305° C. to a brown liquid. If is 
readily soluble in alcohol, but insoluble in ether. 

Tin tri-m-xylyl fluoride is deposited as fine, matted needles from 
hot benzene, M.pt, 209° C„ somewhat soluble in warm ether mid alcohol. 

I he other halides have not been obtained in a crystalline form. 

Tin tri-p-xylyl fluoride forms fine, microscopic needles, melting 

1 Aronheim, Annakn, 1878, 194 , 145. 

“ Aronheim, Hex., 1879, 12 , 509. 

a Goddard and Goddard, Trana , Ohm. Hoc., 1 922, 121 258 

* Chamber* and Scherer, ./, Amen ( Jhem . Hoc., Hm 48.^0134 

5 Krause, Ben, 1918, 51 , 913. ^ 

6 Krause and R. Becker, Jkn t 1920, 53 , [B ), 183, 
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in a closet! tube at 217 ’ C. (eorr.). It is somewhat soluble in boilinc 
ether ami l.oilm--' aleobol. Tl w chloride crystallises from hot alcohol in 


e 


cj impact columns, _M.pt. ni ff t'., very easily soluble in benzene or 
loro to rm. readily in boiling ether, sparingly in hot alcohol, insoluble in 
eohf aletihoi. 1 he bromide forms compact, six-sided crystals, M.pt 
1 51 C. (eorr. ), and is more soluble than the chloride. The iodide yields 
colourless, clear, six-sided plates from ether-alcohol, M.pt. 159-5° C. 
i fun*, ), less soluble than the chloride. 


1 in trieyolohexyl fluoride 1 * * 4 is obtained by treating the base with 
dibit r hydrulhiurie arid, or the bromide with neutral potassium fluoride, 
in boding aqueous alcoholic solution. It is sparingly soluble in all the 
usual solvents. When heated with acetic acid it is converted into the 
mYiati\ M V sided prisms, decomposing at 305 ° C. The chloride crystallises 
m prismatic plates, M.pt, 12T to UiO" (h, decomposing at about 280° C., 
and having a similar solubility to the bromide. With dry ammonia it 
forms (1 t ,1 1 1 1 i Sn( 1.2 X 1 1 M.pt. 128" The bromide is obtained by 
adding the requisite quantity of bromine to iec-eooled tin tetracyelo- 
hv\xl and removing the eyelohexyl bromide which is formed by heating 
on a boiling water- hath at 15 mm. The crude product is triturated with 
a little cold tU per cent, alcohol and reerystallised from a little hot 
alcohol. It melts at 77 and decomposes at about 280° C. It 
crystallises in thick prisms, a centimetre in length, very easily soluble in 
benzene, chloroform, or ether, easily in hot alcohol. The iodide is pre- 
pared from the let raeyelohexyl compound by the action of iodine in 
iicn/ciic solution at room tempemture. It crystallises from alcohol in 
colourless, six sided plates, M.pt. f>5 (\, decomposing at about 200° C. 
In Hie dark the compound remains colourless, but becomes yellow on 
exposure to light. 

The hydro ride is formed from the bromide by shaking its ethereal 
solution with an excess of 15 per cent, potassium hydroxide. From 
alcohol it forms six-sided columns which melt rather indefinitely at 

220 to 222 t\ ' 


Tin trihen/yl chloride.* The first preparation of this compound 
was made by adding stannic chloride (1 mol.) to ice-cold magnesium 
benzyl chloride (2 mo Is. \ in dry ether, but the yield was poor. In 
Kipping'* method the stannic chloride and magnesium are mixed in dry 
ether, prior to the addition of the benzyl chloride, this method giving 
n 00 per cent, yield. The crude product is reerystallised from acetone, 
and then from glacial acetic acid, until the melting-point is constant. 
It forms well defined prisms, M.pt. I U! to 11-5" readily soluble in 
acetone, benzene, or chloroform, less so in ether or alcohol, and insoluble 
in water. With l tool, of iodine it reacts as follows :■■■■■■■ * 


2Snfai,T tl ii f y) ;i ci 1 2i, sntnuy i 


| 2C 0 n 5 CH 2 I 


A rift l hr i vat ires of the Tapes UgSnX tt and ILSnXX'. 

Tin diphenyl dlchloride, SuC VJhU'U* Formed : (1) By the in- 
lt met am o! fin f et raphenyl { ! m<d, \ and stannic chloride ( 1 mol.) in boil- 

1 l%niii«r miit Pnhliiiid, !!>24* 57« I HI* ^ 

* ilnllrr mnt Mmwmmiu tin,, 37 , 310; Smith ami Kipping, Tram, Ulwm . 

*\W, . J!l 12, mi, 2553. 

4 Annihmm* Anmitrn, |H?H, 194 # 145* 
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in g xylene. (2) Mercury diphenyl is mixed with an equal weight of 
stannic chloride, the mix hire covered with light petroleum, and digested 
in a pa rail in- ha t h for twelve hours* The whole is then poured into 
water, t he petroleum drawn off, and t he aqueous solution heated from 
S5 to no V, on the water-hut In An oil separates out, and this on 
standing solidities to a mass of white crystals of tin diphenyl dieldoride, 
(Ji) By t ho interaction of tin tetraphenyl ami t hallie chloride, 1 * * 4 Tin* 
compound forms colourless, triclime prisms, M.pt . fg ILpt, AAA to 
AA1 with partial decomposition. It is easily soluble in ether, 

alcohol, or petroleum, sparingly soluble in water, hut tends to decompose 
in the latter. With strong acids it yields stannic chloride and benzene. 
If the aqueous solution from which the above tin diphenyl bichloride is 
obtained is heated for a long period, tin diphenyl hydroxy ehtondr and 
tin diphenyl oxide are formed. They may be converted to the bichloride 
by treatment with hydrochloric acid. For the dijhuiritle, see p. 

Tin diphenyl hydroxyehloride. \s indicated above, this produet 
is obtained by the action of water on the bichloride. It melts at IH? t\, 
and at higher temperatures de\ elops an odour of diphenyl, gives the 
bichloride on warming with concentrated hydrochloric acid, and forms 
acid and basic salts of the type SnPhXIX, these readily being produced 
by the action of hydrogen chloride, bruit iide«*nr iodide., The hydroxy* 
chloride is an amorphous powder, which is insoluble in the usual organic 
solvents. 

Tin diphenyl ehloro -iodide,* Sn(i* A N & ) a (*U. Tin* best yield is 
obtained by treating tin* chloride with hydrogen iodide : 

SidiVUAlj j III IIC1 ! Sn{i^II A },(11 

If crystallises from anhydrous ether in transparent prisms, M.pt. till' i\ t 
water or heat rapidly decomposing the compound. The corresponding 
chlurohrumidt\ M.pt. AA (\, is easily soluble m alcohol, ether, curiam 
bisulphide, or lignum but some difficulty is encountered m getting the 
body to solidify. 

Tin diphenyl dibromide. Formed by the action of hydrogen 
bromide on tin diphenyl oxide, the oil solidifying insfnnily on the 
addition of a crystal of the elilnmhromide. The compound has been 
more recently prepared by the direct hramirnttinu of tin tctruphcuyl,* 
It resembles tin* ehlorohromide in properties, and melts at M V, Tin 
diphenyl di -iodide does not appear to lie stable, the reaction Inking the 
following course : ■ 

!• Su{(*,HaV> PiiH i 11,0 

*2. &.«•,!! ,),I, !*i!H Sul , i 

Tin diphenyl oxide , 1 When t he corresponding chloride *«r hydroxy* 
chloride in aqueous solution is digested with alkalies, or alcoholic or 
aqueous solutions of the chloride are treated with potassium or sodium 
hydroxides, ammonia or ammonium earlamnte, the oxide m precipitated 
as a white powder, which resemble* the hydros) chloride m solutaldv and 
properties, It does not melt, and deeomjwisrs without fusion on heating, 

Tin diphenyl dtothoxhUs Sii(t*«Ii A )d<H t 3 I! A ) r tf sodium rfhvl 

1 Omitinnl, Adiky* *w*l EvjUih, ‘/Via*, Vhrm, Stir., Ifigg, sm, fifm 

* Aranhciut, Anm$im $ !K?M ( 194, lift, 

a ami Hrherer, J, Atm.r, (Arm, *S»*m prill, |ti$4, 

4 Anmimnh l«c, a I. 
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ate he treated with tin diphenyl dichloride a precipitate is immediately 
thrown down, 'l'liis consists of tin diphenyl oxide and sodium chloride, 
ami it it he filtered off, and the filtrate evaporated, small white crystals 
of the elhoxide are deposited. These are best purified by repeated 
solution in alcohol and evaporation over sulphuric acid. The reaction 
is represented thus : 

L Sn(O e U*) 2 Cl 2 |2Nn()CJI f> :2NaCl+Sn(C c II 6 ) 2 (OC,H 5 ), 

2. Sn(C: tt H»)nCi 2 | 2NaOC 2 U 6 2 NaCi-HSn(C 0 H 6 ) a O+(C 2 H 5 ) 2 O 

Tin diphenyl aminochloride, Sn(C c H 2 ) 2 NJI a Cl, is formed as a 
by-product in the preparation of tin triphenyl chloride from tin di- 
phenyl chloride by the net ion of ammonia. When treated with water 
it is decomposed into tin diphenyl hydroxychloride and ammonia. 

Tin dibenzyl diehlorideJ When tin tribenzyl chloride (I mol.) 
is dissolved in carbon tetrachloride, and iodine (I mol.) added in small 
quantities, the following reaction ensues: - 

1 21 , Sn((!H,tyt fi ),(Vi Sn(CII a C 0 ir ft ) 2 I 2 

+2C c tI 5 CH a I 

By suitable treatment this mixture is then converted to chloride, 
which is easily soluble in alcohol, acetone, ether, chloroform, carbon 
tetrachloride, or boiling acetic acid, sparingly soluble in hot, light petro- 
leum. It forms long needles, M.pfc. 108° to 104° C. Tin dibenzyl di- 
itdiik is more soluble in carbon tetrachloride than the corresponding 
chloride, so that it can be obtained from the mother-liquors from which 
the chloride has been deposited. It is also formed when tin dibenzyl 
oxide is dissolved in hot acetone containing hydrogen iodide. The 
compound crystallises in long, silky, yellow needles, M.pt. 80° to 87° C. 
The tlihrumulr is formed from the oxide in a similar manner to the iodide. 
It is more soluble than the chloride, and crystallises in colourless 
needles from light petroleum, M.pt. 108° C. 

Tin dibenzyl diacetate is deposited from the solution obtained by 
dissolving tin dibenzyl oxide in glacial acetic acid. It forms long, 
colourless needles, M.pt, VMV to 187" readily soluble in acetone, 
chloroform, alcohol, or benzene. 

Tin dieyclohexyl difluoride - is prepared from the dibromide or 
diehtoride by adding the ealeulated amount of neutral potassium lluoride 
in mpteouH alcoholic solution* It is a line, white, crystalline powder, 
difficultly soluble in all solvents with the exception of hot acetic acid, 
from winch it crystallises in bushy needles, M.pt. 278" C., with previous 
sintering, The dh'hlufhlti is obtained from the dihydroxide by long 
warming with concentrated hydrochloric acid# 1 1 crystallises from 
benzene in colourless needles, M.pt. 88 to 89" C., which sometimes are 
u centimetre in length, When molten, it becomes turbid at about 220° C., 
and decomposes with rise of temperature. The diehloride, like the di- 
bromide, is hydrolysed by a large bulk of water. Prolonged boiling of 
tin tetrueyelohexyl in chloroform or carbon tetrachloride solution with 
the calculated quantity of bromine yields the dibromide , which crystal- 
lises in needles, M.pt 58'" th It is very readily soluble in chloroform, 
benzene, or carbon tetrachloride, sparingly in alcohol or ether.* The 

1 Smith Mid Kimting, Tran* . (them, tfoc., 1912, xoi, 2553. 

3 Kraium Mid Poithuad, Ikr, f 1924, 57 , [B], 535. 

8 Htx» 11 ratter, Her,, 1914, 47 , 3257. 
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di-iodide is a snow-white, crystalline powder, M.pt. 42° C. 1 Heated in 
a sealed tube it gives a clear liquid at about 250° C., at 253° C. it becomes 
cloudy and changes to dark red, and above 300° C. becomes black. The 
dihydrOiVide is formed by the hydrolysis of the di bromide, and a basic 
bromide is not obtained. The dihydroxide is a white, amorphous powder, 
insoluble in water and the usual organic solvents. It discolours towards 
280° C., sinters at 287° C., and is completely decomposed at 291° C. 

Aryl Derivative of the Type Alk.Ar.SnX 2 . 

Tin ethyl phenyl dichloride , 2 Sn(C 2 H 5 )(C 6 H 5 )Cl 2? is prepared by 
the action of stannic chloride on tin tri ethyl phenyl. It forms rhombic 
plates, M.pt. 45° C., easily soluble in ammonia and alcohol, but with 
difficulty in water or dilute hydrochloric acid. 

Aryl Derivatives of the Type R 2 Sn . 3 

Tin diphenyl. — To the Grignard solution from 75 grams of bromo- 
benzene in 400 c.c. of ether, 15 grams of anhydrous, finely powdered 
stannous chloride are added, the mixture being shaken, ice-cooled, and 
dry nitrogen gas passed in. The solution first becomes deep reddish- 
brown, and as the reaction proceeds a golden yellow, amorphous powder 
separates out. After one hour at room temperature the mixture is 
gently warmed for ten minutes, all operations being conducted in a 
nitrogen atmosphere. The product is then decomposed by ice, and 
shaken with benzene, and the benzene-ether layer removed, dried, and 
evaporated in vacuo to about 70 c.c. The deep red solution is shaken 
with alcohol, tin diphenyl being precipitated as a yellow powder. This 
may be purified by solution in benzene and precipitation with alcohol, 
the final product being washed with alcohol, then rapidly with a little 
ether, and dried in vacuo over phosphorus pentoxide. Yield 16 grams, 
64 per cent. It is a shining yellow, amorphous powder, readily soluble 
in benzene and chloroform, easily in ether, and insoluble in alcohol. Very 
dilute benzene solutions are intense yellow to reddish yellow, and soon 
become turbid on exposure to air, owing to oxidation. In sunlight the 
benzene solutions become deep red and a bright yellow precipitate 
separates. Dry tin diphenyl is oxidised in the air, becoming white. 
Fuming nitric acid causes it to inflame, and alcoholic silver nitrate is 
reduced. It softens at 126° C., and melts to a dark red liquid at 130° C., 
from which tin separates at 205° C. When brominated at —25° C. in 
chloroform solution an oil is produced, and this, with aqueous alcoholic 
potassium fluoride solution, gives tin diphenyl difluoride , quadratic 
columns, melting above 360° C. It is slightly soluble in alcohol or benzene. 

Tin di-p-tolyl is an orange-yellow, amorphous powder, softening at 
109° C., and melting to a clear, dark red liquid at 111*5° C. ; on further 
heating it becomes turbid, and tin separates out at 245° C. It dissolves 
in benzene in all proportions, readily in ether, but is insoluble in alcohol. 
The solutions resemble potassium dichromate in colour, and blacken 
alcoholic silver nitrate. It is not so readily oxidised in air as the phenyl 
compound. 

1 Griittner, M.pt. 145° C. 

2 Ladenburg, Annalen , 1871, 159 , 251. 

3 Krause and R. Becker, Ber., 1920, 53 , [B], 183; Chambers and Scherer, J. Amer, 
Ghent . Soc. y 1926, 48 , 1054; see p. 329. 



327 


O E< * A N i )M ETA LLIO DERIVATIVES OF TIN. 

'fin di-p-xylyl has similar properties to the preceding compounds, 
it sinters at 155 forms a deep red liquid at 157° 0., and decomposes 

at 210 ' 

Tin di-eyetohexyi 1 is an intense yellow, odourless powder, very 
easily soluble in benzene, soluble in ether, and insoluble in absolute 
alcohol. In very dilute benzene solution it is citron yellow. When 
heated in absence of air it becomes deep orange-yellow at 130° C., and 
melts to a ruby red liquid at 170 ’ to 178° 0., darkening at 200° C., and 
decomposing at 285 ‘ V . 

Tin di-u -naphthyl is prepared in the usual manner, 80 grams of 
« hronumaphthalrnr and 5 grams of stannous chloride giving 8 grams 
of tin diuapht hyh 70 per cent. It softens at 100° C„ melts to a dark red 
lupiid at 200 t\. and decomposes at; 255” 0. 

I rtf l Derivatives of tin * Type .v Ar a Sn.SnAr a and Ar H Sn.SnAlk 3 . 2 

Hexaphenyldist annum*. The preparation is carried out in the 
same manner as that of tin diphenyl, but instead of warming the product 
for ten minutes as stated in that preparation, it is now vigorously boiled 
for three to four hours in a stream of nitrogen. The reaction product is 
decomposed with water, extracted with benzene, and the hitter solution 
separated off and dried. Hesnphenyldistammne may also be obtained 
In the reduction of tin triphenyl chloride in benzene-xylene solution 
by metallic sodium (yield 50 per cent,), or in alcoholic solution (yield 
05 per rent . ). From benzene it contains 1*5 mols. of benzene of 
crystallisation, but from ether flat rectangular plates arc? deposited, 
from chloroform, pyramids. It is somewhat soluble in benzene, readily 
in chloroform, sparingly in ether or acetone, and insoluble in alcohol. 
It melts at 287 becomes yellow at 250 (h, and decomposes at 280° C. 
It reduces sits or solutions at 75 to black metallic silver. Bromina- 
lion id do (\ produces tin triphenyl bromide. 

ilexa-p-tolyldistannane is prepared by the 1 reatment of tin tri-p- 
toly lbrotuidc with metallic sodium ami alcohol. Yield Of per cent. It 
crystallises from benzene in colourless, rhombic plates, easily soluble in 
benzene or ether, sparingly in alcohol. It melts at 1 1*0*5 ' (h, becomes 
yellow at 285' amt decomposes at 005" (\ It has similar properties 
to the phenyl compound. t , 

ilexabeuzy Idiot armanez 1 %$I I '1 1 * )aSn.Sn (i' a I I I is pre- 
pared h\ heating tin fribenzyl eldorhle with sodium in toluene solution, 
ft separates from acetone in colourless tablets, M.pt. ITT to U8° 0., 
readily soluble in hot acetone or benzene. Treatment with iodine m 
benzene solution vieids tin tri benzyl iodide. . 

Hexu-p-xjiyI<H»tttiinane 4 is obtained from the bromide m 50 per 
cent, yield, It crystallises from benzene-alcohol in flat, rhombic plates, 
verv soluble in benzene or chloroform, sparingly soluble in ether, and 
insoluble in itleohol, it melts at !«W" V. (corr.)* becomes yellow at 850 
and decomposes at 008 ! V. . . 

Ilexacydoliexyldlstanmme^ is prepared from the bromide m 

* Krittiw* iiimI VtihhmU the, 1021, 57* 1^1* 5811. 

* lirmt**' an*l he. of. 

* I. 4 iw, Vhtm. Sitr, n 1020* p. 3218, 

* KrmiiM* nn*l It. Becker, tmwU, 

* Krauw* mui IhMmul, im, tit* 
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xylene solution, in 90 per cent, yield. It crystallises from hot xylene or 
benzene in six-sided plates, decomposing above 300° C. It is sparingly 
soluble in cold benzene or xylene, easily soluble on warming, and is in- 
soluble in alcohol or ether. 

Triphenyltrimethyldistannane, 1 Ph 3 Sn.SnMe 3 . — Sodium tin tri- 
phenyl is treated with tin trimethyl bromide in liquid ammonia, when 
the product is immediately precipitated. It melts sharply to a clear, 
colourless liquid at 106° C., and shows no tendency to oxidise in air. 

Derivatives of Tin Triphenyl. 2 

Sodium tin triphenyl, (C 6 H 6 ) 3 SnNa. — Tin triphenyl bromide is 
dissolved in liquid ammonia and the solution treated with metallic 
sodium. The reaction occurs immediately, the product being formed 
together with sodium bromide. The compound is a pale yellow, amor- 
phous powder, soluble in liquid ammonia, giving a pale yellow solution, 
and it dissolves to some extent in dry ether. When dry oxygen is 
passed through its solution in liquid ammonia, the solution evaporated 
and the residue extracted with hot benzene, tin triphenyl hydroxide, tin 
tetraphenyl, and tin diphenyl oxide are formed. The reaction between 
sodium tin triphenyl and phenylmercuric iodide in liquid ammonia gives 
rise to tin triphenyl, sodium iodide, mercury, and phenylmercuric amine, 
C 6 H 5 -Hg.NH 2 , M.pt. 123*5° to 124° C. With sodium monochloracetate 
in liquid ammonia solution the reaction is as follows : — 

(C 6 H 5 ) 3 SnNa+CH 2 Cl.COONa=(C 6 H 5 ) 3 SnCH 2 COONa+NaCl 

The tin compound thus formed crystallises in plates, M.pt. 122° to 
122*5° C., soluble in the usual organic solvents, save petroleum ether, and 
insoluble in water. It is best crystallised from 80 per cent, acetic acid, as 
the sodium salt is very soluble in water and undergoes hydrolysis. 

Tin triphenyl hydride is formed according to the following equation : 

(C G H 5 ) 3 SnNa +NII 4 Br == (C 6 H 5 ) 3 SnII +NaBr. +NII S 

Five grams of tin triphenyl bromide are placed in a reaction tube and 50 e.c. 
of liquid ammonia condensed upon it. Sodium is added gradually until 
a permanent blue colour is obtained (0*63 gram sodium). Ammonium 
bromide, 1*25 grams, is added, the colour disappears and a white precipi- 
tate forms. The ammonia is evaporated and the residue extracted with 
ether. On evaporating the ether in an atmosphere of ammonia, a 
cloudy yellow oil and a white crystalline solid, M.pt. 229° to 282° C., are 
obtained. This solid is tin triphenyl , and the liquid in an ammonia 
atmosphere boils at 173° to 174° C. at 6 mm. The latter is the hydride, 
which may be oxidised to tin triphenyl (M.pt. 282*5° C.) by passim r dry 
oxygen through its solution in absolute alcohol for fifteen minutes. A 
white crystalline powder is obtained, which may be recrystallised from 
ether. All manipulations of the hydride must be conducted in an inert 
atmosphere. When the hydride is treated with sodium in liquid 
ammonia, sodium tin triphenyl is formed, and when tin triphenvl 
chloride is added to the solution, tin triphenyl and sodium chloride 


I Krause and Bullard, J. Amer. Ohem. Soc., 1926, 48 , 2134. 

Chambers and Scherer, J. Amer . Chem . JSoc., 1926, 48 , 1055. 
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I in diphenyl hydride is prepared in much the same way as the 
preceding compound, the reactions being carried out in liquid ammonia, 
and represented by the following equations 

(C«H 6 ) a SnBr a h4Na-(C a H 5 ),SnNa M +2NaBr 

1 6 ) a SnN a 2 4™2N 1 1 (l Br (C«H s ) a SnH 2 +2NaBr +2NH 3 

The compound forms as a dark brown precipitate. The ammonia is 
allowed partially to evaporate and dry ether added. The remainder of 
the ammonia is then evaporated, and by means of a eudiometer con- 
nected to the reaction tube, it is found that hydrogen corresponding to 
one molecular equivalent is evolved, i.e. the hydride loses its hydrogen, 
yielding tin diphenyl. The latter compound by this process is obtained 
as a yellow solid, decomposing at 20 5° C., and readily soluble in organic 
solvents, except ethyl alcohol. In the solid state it is not readily oxi- 
dised in the air, but in solutions the oxide soon separates. This com- 
pound differs from that described by Krause 1 in its melting-point and 
reactivity towards oxygen (p. 320). 

Tin tetraphenyl reacts with sodium in liquid ammonia to form 
sodium tin triphenyl and disodium tin diphenyl, the amounts depending 
on the conditions of the experiment. 


UHvrovifvlic Systems containing Tin . 


These compounds are similar to the heterocyclic compounds of lead. 
Tin dimethyl or diethyl-eycdopentamethylene is obtained by the action 
<d* tin dimethyl- or diethyl dibromide or di-iodide on the magnesium 
compound of I ; fedichloropentane with difficulty, and has the following 

constitution : 



en 2X 

>C1I 

CU,/ 


2 


It is analogous to the eyelohexanes, in which a carbon atom has been 
replaced by quadrivalent tin. The constitution of the body is com- 
pletely determined by scission with halogen and molecular weight deter- 
minations. By the action of t wo atoms of bromine in the cold the ring 
is partially split, and tin diethyl-5-bromoamyl bromide obtained. 



Br 

•oyoi 4 ) :i eii 2 Br 


The reaction is quantitative and analogous to that of the lead com- 
pound. 

By the action of ethyl magnesium bromide, the bromine atom bound 
to the tin is replaced by the ethyl group, with the formation of tin 
iriethyl-5-bromuumyl. In absolute ether solution the reaction with 
magnesium goes quite easily, a 75 per cent, yield being obtained, the 
(5 trirth> hdannybn ‘uiuylj-nuignesium bromide, 



Et 

Cll f (CH a ) 5 CH a MgBr 


giving with water, tin triethyl-n-amyh 

1 Kr&u*o ami H. Btwktir, Ikr,, 1920, 53, [B], 183, 
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By the action of lead trimethyl bromide on the magnesium com- 
pound of trimethyl-5-bromoamyl tin, l-trimethylstannyl-5-trimethyl- 
plumbyl-n-pentane is formed. 

Lead trimethyl bromide and tin triethyl bromide with the mag- 
nesium compound of 1 : 5-dichloropentane give bis-trimethylplumbyl-n- 
pentane and bis-triethylstannyl-n-pentane respectively. 

Tin diethyl -cyclopentamethylene, 

Et 2 Sn<(CH 2 ) 5 

To the magnesium compound from 112 grams of 1 : 5-dichloropentane in 
400 c.c. of dry ether, 130 grams (half the calculated quantity) of tin 
diethyl dibromide are added in small portions with shaking. A violent 
reaction takes place and all the products pass into solution. After the 
reaction has subsided the whole is boiled for thirty minutes, the ether 
distilled off, and the residue baked on a boiling water-bath for one hour. 
The mass is decomposed with water, the ether layer separated, washed 
with water, and dried over calcium chloride. Removal of the ether gives 
an oil, which is fractionated under reduced pressure in a stream of carbon 
dioxide. The fraction distilling at 98° to 104° C., after several distilla- 
tions at 14 mm. pressure, gives a constant boiling fraction at 95° C. 
Yield about 25 grams. The compound is a thin, colourless oil having 
a pleasant smell, resembling pine-leaf extract. In absence of air it may 
be kept for a month, but in the course of a day becomes turbid in air, 
depositing a white resin. 

Tin diethyl -5 -bromoamyl bromide, 

/(CH 2 ) 5 Br 

Et 2 Sn<^ 

\Br 

A. solution of 12-3 grams of the preceding compound in 50 c.c. of ethyl 
acetate is cooled in ice and treated dropwise with 8 grams of bromine in 
25 c.c. of ice-cold ethyl acetate, the mixture being frequently shaken. 
When all the bromine has been added, the ethyl acetate is distilled off, 
and the oil fractionated in carbon dioxide. The fraction, B.pt. 189° to 
192° C. at 16 mm., gives a thick, colourless oil, B.pt. 190*5° C. at 16 mm. 
Yield quantitative. The bromine atom bound to the tin may be 
removed by treating the alcoholic solution of the substance with alcoholic 
silver nitrate containing some nitric acid. The second bromine atom 
is estimated by the method of Carius. 

Tin triethyl -5 -bromoamyl, Et 3 Sn.(CH 2 ) 5 Br. — Fifteen grams of 
tin diethyl-5-bromoamyl bromide in 200 c.c. of ether are added to the 
Grignard solution from 25 grams of ethyl bromide in 100 c.c. of ether. 
The reaction is completed by boiling the mixture for five minutes. The 
mass is decomposed with water, and the ether layer separated and dried. 
Distillation in a carbon dioxide atmosphere yields an oil, B.pt. 155*5° C. 
at 15 mm. Yield quantitative. It is a colourless, thin, air-stable, 
almost odourless oil. 

Tin triethyl-n-amyl, and 1 : 10 -Bis -triethylstannyl-n -decane, 

Et 3 Sn.(CH 2 ) 10 .SnEt 3 . — Magnesium powder, 1*5 grams, is cauterised with 
0*5 gram of ethyl bromide in 10 c.c. of ether. The ether is then poured 
off and the powder treated several times with ether, the latter being 
decanted off. A solution of 10 grams of tin triethyl-5-bromoamyl in 
40 c.c. of ether is then added to the powder and a violent reaction takes 
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place. This is completed by two hours’ boiling. The ether solutionis 
then poured off, decomposed with water, and the ether layer separated 
and dried. The solution is now distilled in carbon dioxide under 
reduced pressure. At. 1 II V, at 15 nun. 0 grams of tin triethyl-n-amyl 
are obtained, and at 2 17 “ to 2 14)° C. at 15 nun. 2 grains of 1 : 10-bis-tri- 
ethylstannyl-n-decnne. The latter is a colourless, odourless oil. 

Tin diethyl -n -amyl bromide is obtained as a colourless, thick, 
unpleasant smelling oil, by adding the requisite quantity of bromine in 
<‘thy l acetate to tin triethyl-n-amyl. 

Tin dimethyl -eyclopentamethy lene is prepared i n the same 
manner as the corresponding ethyl compound, which it resembles in 
properties. When treated with bromine it yields tin dimethyl-5-bro'tno- 
amyl bromide, a colourless, air-stable, somewhat viscous, pungent oil 
of unpleasant odour. 

Tin trimethyl -5 -bromoamyl, prepared in the usual way, is a 
colourless, thin, air-stable oil, having an odour resembling the tin 
alkyls, 

*1 ; S-Bis-t riethylst annyi-n-pentane, ‘.Mt :l S n . ( C 1 1' 2 ) G . S n Kt ^ - 
Kitty grams of tin triethyl bromide arc added to the Gri guard solution 
from 15 grams of 1 : 5-dichloropcntanc in 150 c.e. of ether. The re- 
action hikes place smoothly and is completed by three hours’ warming; 
the solution is decomposed with water, the ethereal layer dried and the 
solvent removed. At 14 mm. the product distils at 204° to 200° C., 
further distillations giving a pure compound at 205*5° 0. Meld 12 
grams. 


Derivative containing Tin and Lead . 

1 -Trimethyl8tannyl-5-trimethylplumbyl-n-pentane, Me. t Sn. 
(KU.J^PbMe.j. The magnesium compound from 0*2 grams of tin fri- 
met hyl-5-bronummyl in 50 e.e. of ether is shaken with 0*8 grams of lead 
trimethyl bromide/’ A smooth reaction takes place and all the product 
dissolves. The whole is boiled for thirty minutes and decomposed with 
water. To remove the excess of lead trimethyl bromide, the ethereal 
solution is twice shaken with 20 per cent, potassium hydroxide and 10 
per cent . sulphuric acid, and the precipitated lead trimethyl sulphate 
Jittered off. The ethereal solution is then washed with water, dried over 
calcium chloride, and the ether distilled off. The oil remaining, when 
distilled under reduced pressure gives 7 grams of product at 104“ G., 
this after several distillations yielding 4*5 grams of the required com- 
pound as a thick, colourless oil, B«pt, 102 (•. at 17*5 mm. ^ ^ 

Tin* physical constants of the above compounds are shown in Table 
XVIII. of the Appendix. 


CHAPTER XIV. 


ORGANOMETALUC DERIVATIVES OK LEAD. 

A I’KHioi) «f seven years elapsed after the preparation of the first tin 
organic compound before a derivative of lead was obtained. In IHfP.i 
Buekton isolated lead tetraethyl by the iuteraetion of zine ethyl and 
lead chloride. A number of investigators then worked upon this com- 


Tuu.r. l. 



T.vtu.i; II. 
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imund toother with lend tetramethyl, and produced many derivatives 
ot he type U 3 SnX (U -alkyl; X=acid radicle). It 'is, however, 
wit Inn the last, ten years that, the majority of the products recorded in 
this chapter have been made. The bulk of the work centres round 
mixed alkyl or aryl compounds, or combinations of the two. The 
a >ove tables ha\c been drawn up to show the main reactions carried 
old. In L the lead alkyls are illustrated by making use of some ethyl 
derivatives, and in II. phenyl compounds are used. The heterocyclic 
compounds of lead are similar to those of tin. 


,///>•;// Derivatives of the Type R 4 Pb. 

Lead tetramethyl, Pb(CI I a ) 4 . This may be prepared by the inter- 
action of a sodium-lead alloy (20 percent, sodium) and methyl iodide, 1 
or from lead chloride and zinc methyl. 2 It has more recently been 
obtained by the (irigimrd reagent, from magnesium methyl chloride and 
lend chloride. a The compound is a liquid boiling at 110° C., melting at 
t 27*a (*., insoluble in water, but readily soluble in alcohol or ether. 
The following physical constants have been determined : density 2*034 ; 
14)951 ; n r ne 0*01 881. Treatment with hydrochloric acid or iodine 
removes one of the met hyl groups, giving a lead trimethyl halide. 

Lead tetraethyl is isolated in a similar manner to the above methyl 
compound, from sodium-lead alloy and ethyl iodide 4 or from lead 
chloride and zinc ethyl. 5 A simpler method than the foregoing is 
carried out as follows : u Twenty grains of ethyl iodide and 3 grams of 
magnesium are allowed to react in dry ether, and 10 grams of lead 
dichloride added, the whole then boiled for one hour. The mixture is 
then decomposed with water, the ether layer removed and dried over 
calcium chloride. After distilling off the ether, lead tetraethyl remains 
as a colourless oil, boiling with decomposition about 200° C., but un- 
deenmpused at hi to 1)2 at 11) mm. or 83° C. at 13 mm. It has 
recently been obtained in 00 per cent, yield by the interaction of zinc 
diethyl and lead chloride, 7 The compound is insoluble in water, but 
miscible wit h et her. ( )ne ethyl group is split off by the action of hydro- 
chloric acid or iodine, and sulphur dioxide yields diethyl sulphone. 
The compound is now used industrially for mixing with the fuel of 
explosion motors, as it allows greater compression without the danger 
of self ignition. 8 Physical constants : density, 1*62; 1*6591 ; 1*64296 
at 22* rt\, n, 1*56984, n u 1-51 417, n y 1*58430, 0*01750. 

Lead tetra-n-propyl is obtained by the interaction of magnesium 
propyl bromide and lead chloride. Density 1*4419 ; n^-no 0*01566. 

Lead tetni-see-propyl is a highly mobile liquid, B.pt. 120*0° C. at 
1 t* mm., having a density 1*4578 at 12° 0. 

Lead tetra-isobutyl occurs as white plates, M.pt. —23° C., 
density 1*82 10 at 20*2 M <\ 

Lead tetra-inoamyl has a density of 1*2882 at 20*5° C. 

1 Anmtlrtti I 802* 1 22 , 117. 

2 Stultcmw, Jttfm t H03, p. 476. 

* Lriil! nrr him! Kmimr, M n, 1916, 49 , 1415. 

* flliirit* OVi :* iUt, 1 HiM, 24 . >• 44. 

* Burl. toil, Anmtkn, IKT>9, 109, 222; 1861, 112, 226; Frankland and Lawrance, 
fmm. fin m, <Swr., }S79, 35, 245. 

* l l fr.illrr nail Trimkirr, 1904* 37» 1 1 28, 

7 Mcyrr, ('fum. Nmt% 1925* 131 , I, 

§ Juliimm and Nuntuind, VmnpL rvnd. t 1924, 179, 27, 
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. il kill Ikrirtifives of (he Type IL,I*bHV 

Tin* method of preparation of this type of compound consists in 
treating lead trialkyl halides with magnesium alkyl halides, the reaction 
pn aveding smoothly, and giving 00 to 05 per cent . yields. These bodies 
are colourless, easily mobile, and extraordinarily volatile the tri- 
methyl series at ordinary pressures soon becoming undeeompused boiling 
liquids, and in the pure state t hey can he kept in contact with air tor 
a month without decomposing, provided that the light is excluded. In 
sunlight or direct daylight, however, they soon give brown precipitates, 
and the separation of metallic lead has been noticed. To ensure the 
production of pure compounds, the iirigmml reagent must only he in 
slight excess, and the trialkyl lead halide must he free from lead halide, 
The separation of the mixed lead alkyls from their reaction products is 
carried out simply in the following manner; At the first distillation, 
tin* compounds of the triethyl series come over almost entirely, and the 
first and second runnings are quite distinct within a few degrees, These 
mixed compounds resemble the simple lead alkyls in their properties, 
and at very low temperatures solidify to glassy, amorphous masses, 
They immediately reduce alcoholic silver nitrate, and with halogens all 
the compounds, with the exception of lead methyl frirlhyk split off a 
methyl or ethyl group. The compounds thus formed of the type 
Me.j.Alk.Ph.Ual., form important starting-points for the preparation 
of mixed lead tetra -alkyls of the types Meg.l’h.Alk.gUnd ^Ic^Lb, Alk # » \lk. 
The bodies are highly poisonous, and possess a fruity smell, sometimes 
resembling raspberries, but the smell may be concealed by certain 
radicles, such as t he isoainyh 

Lead trimethyl ethyl. To the magnesium compound from IT5 
grams of ethyl bromide (0* !*25 mob) in absolute ether, 2K-K grams 
of lead trimefhyl chloride or UT‘2 grams of lead trimethyl bromide are 
added, and after the initial reaction has subsided the whole is heated 
for two hours on the water-bath. The thick paste thus obtained is 
decomposed by water, tin* Husk being cooled in ice, and the Hirer separ- 
ated, off. One quarter of the volume of the latter is distilled off, and the 
remainder fractionally distilled, the receiver being cooled in carbon 
dioxide-ether mixture. The yield is 85 per cent., and the compound 
boils at 27' ,; ' to *28'" C\ at 10 to It mm. The product thus obtained is a 
colourless, mobile, and easily volatile oil, very inflammable, and yielding 
lead oxide on burning. 

The lead estimation is carried out as follows The substance is 
dissolver! in ten times its weight of carbon tetrachloride, cooled, and a 
large excess of a 10 per cent, solution of bromine in the same solvent 
added. The mixture is taken almost to dryness on the water-bath* then 
boiled a short time with a little absolute alcohol, and well cooled* the 
precipitate, which consists of pure lead bromide, being littered on a 
( inorh crucible and washed with ice-cold alcohol. 

Lead trimethyl n -propyl is prepared by the interaction of lead 
trimethyl chloride or bromide and magnesium mpmpyl chloride, when 
a no percent, yield is obtained. In the vacuum distillation the receiver 
must he cooled to at least 10 (\ to avoid loss, the properties of the 
body being the same as the above compound. 


1 t.irftUaer urn! Kmuntx Ikr M Itllll, 49 , 11:14 



335 


ORUANOMHTALUU DERIVATIVES OF LEAD. 

The following bodies arc obtained in a similar manner, the yields 
being indicated : lead trim-ethyl n-lmiyl (80 per cent.,); lead trimethyl 
iwlmtyl (00 per cent.) ; lead trimethyl isoaniyl (80 per cent.). Sub- 
stituting lead triethyl chloride or bromide for the trimethyl compound, 
t he following arc isolated : lead methyl triethyl (90 per cent.) ; lead 
triethyl n* propyl (95 per cent.); lead triethyl isobutyl (92 per cent.); 
lead triethyl isoamyl (9 1- per cent.). 

The physical constants of the compounds are shown in Table XIX. 
of the Appendix. 

Lead tetra-alkyls containing one or two secondary radicles can easily 
In* obtained by tin* action of lead alkyl mono- or dihalides on secondary 
magnesium alkyl halides, whilst those containing three secondary 
radicles are derived primarily from the tetra-alkyls. 1 Table XX. of the 
Appendix gives a list of these compounds, together with their physical 
constants. 

Alkyl Derivatives of the Type R.dddb/. 

in the preparation of these compounds it, has been found advan- 
tageous to make a paste of the lead dialkyl halides, and then add this 
to the (Jrignnrd reagent. The properties of the compounds are similar 
to t hose described for the lead trialkyl alkyls. The simplest member of 
this series, lead dimethyl diethyl, has given rise to some discussion 
regarding its physical constants. It was prepared by the action of 
magnesium methyl iodide on lead diethyl chloride. Its properties are 
shown below ; 

t Jriittfier find Krause ; 2 

B.jU. ;>t <\nt i:t mm.; deadly, 1 *7!HM at 2(L U ; n u 1*5177; n ir ~u (! 0*01785 at 20° 0. 

iijif, 5-r i \ at IK mm. 

Mailer and Pfeiffer : * 

.lijti, 52"' i.\ at 14 mm, j deadly P7H51 at 20" (A ; H|> 1*51(54; lip— n<« 0*01832 at 20° 0. 

Table XXL of the Appendix gives a list of the compounds made up 
to the present time together with their physical constants. 

Alkyl Derivatives of the Type R 2 PbR'R". 

Halogen substitution products of lead alkyls with secondary alcoholic 
radicles have been isolated 4 by the reduction of ketones at a lead 
cathode, when a mixture of stable and unstable lead alkyls is produced. 
Tin* compounds containing one or more secondary radicles are produced 
in tin* usual way from lead alkyl memo- or dihalides. Since, however, 
the lend atom seems less firmly attached to a secondary than a primary 
group, the following compounds differ 1 rom the tetra-alkyls containing 
normal radicles. They are unstable in air, and the secondary radicle 
is expelled b> bromine at 75 u Cb, even before a lighter group. If 
tin* compound contains two secondary groups, both are split oil, wheieas 
with normal radicles only one is removed at this temperature. 

Compounds of t he above type, together with their physical constants, 
are shown in Table XXIL of the Appendix. 5 

1 tiruUnt'r iut*{ Knutoe, Her,, HU7# 5°> 278, 574. 

8 liriittner and Krnmr* ibid,, 191(5, 49 , 1540. 

;l Mt»!lt*r and Pfeiffer, Her,, 1016# 49 , 2441. 

* Tide!, Her., 101 b 44*334. 

1 Urutlner and Kr&uae, Her., 1917, 50 , 202, o74. 
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Lead methyl ethyl n -propyl n -butyl. Lead dimethyl ethyl u* 
propyl is bromiimted at 75’" iW when one methyl a roup is split off 
ami' the bromide formed. The latter is then treated with n-hutyl 
magnesium bromide, the above compound being obtained in 30 per 
rent, yield. It has H.pt. 108 that 13 mm.; density 1 Anns at 23-5' 
(\ ; n u l -507*2 ; nr UetMIHJOT at 22* i V. 

Lead methyl ethyl n -propyl Iswtmyl is prepared from the 
bromiimtinn product of lend itieihy! propyl isoumyl and methyl mn^» 
uesium chloride in 85 per rent, yield. It boils at 115 C , at 15 nun. ; 
density 14702 at 21 ' t\ ; tm , 1*50180; tp* 1*50080; n } j 1*51747; 
n H V I '52720 at 2 1 M (\ 

Lead ethyl n- propyl n- butyl isoamyl is obtained in 75 per rent, 
vield by treating the b rumination product of lent! methyl ethyl u* 
'propyl n-hutyl with istmmyl magnesium eldoride. It boils at 1 It ' t\ at 
1 } inm, ; density, 1*8000 at 28*8" tk ; tin 1*5028 at 21*5' T. ; tp n, 
0*0 1 478. 

Alkyl Derivnihrs uf the Type H J’bX, 

Lead trimethyl chloride*. Ph(iTLd :i €L 3 4 When hydrochloric acid 
reacts with lead iefmmelhyh one methyl group is displaced, and the 
solution on cooling deposits glistening needles of the above compound. 
If the substance he reeryst atlised from water it appears in prisms, The 
body is somewhat soluble in boiling alcohol, and can be sublimed. It 
has been mure recently prepared 3 by the chlorination of lead, feint* 
methyl at 00 : (\ in ethyl acetate solution. It isst.af.ed to be the most 
difticuli ly soluble of ail the lend triidkyi halides,, but easil * y 1 soluble in 
ethyl acetate, and insoluble in light petroleum. It gradually sublimes at 
187" tb* but mure rapidly at 105 1 C, Lend trimethyl Urn mule is prepared 
by similar methods to the eldoride. and forms white prisms from ethyl 
acetate, which sinter at 18.1 ’ (\ Lend trimethyt iudide is formed by the 
interaction of lend let rumethy! and Uulitie. It erystallises in eolourless 
needles from alcohol, is sparingly soluble in water, ami sublimes uu 
changed on heating* When the iodide is distilled with caustic alkali, 
lend trimethyl hytlrmhle is formed. The Jhmride crystallises in needles, 
density 8*58 at HI” (\, which explode feebly about 805" VA 

Lead triethyl chloride, prepared in* the usual wav, forms white 
needles, M.pt. 172 VA The compound m easily soluble in ah oho! and 
ether. The hrmnide crystallises front ether in needles, M.pt. 108 to 
104 T*; but the iodide is an oil, and has not been obtained in a pure 
state,* 

Lend triethyl hydroxide may be obtained from the chloride by 
means of alcoholic potassium hydroxide ; it is st rtmglv alkaline, ddheuttly 
soluble in water, and readily forms salts, Lbwig isolated the sulphide, 

1 Unit Oita inn! IS news ilrr,* 1107, $o, 2wW, 

Cithmir*, Awmkth 1HU2, Ilf, 4H, 

'* UraHiter mat linnims /b„ IttlH, 49* 141*5 

4 KritiiHt* iiiiil lAfhlaiul, /fcr„ 1822* $S* 1 H|* 12*2. 

* Hurkten, Anmthn, |Hf*8, I O, 227} Pfeiffer and Triwkkr, /fcr,, tl#M, J7* 1125 ; 
tiruUaer ttatl Kraitu**, he, eit, ; (Ademr#, for, ed, 

* Ufwiu, A » will'll, 1M£$« 08 , 818} fvlifi|i*4 |i, HHl ; */, pmii , C7t#m» 

IHfKl# {1), Hi* 2mi, 
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which crystallises in octal* edra, insoluble in water, alcohol, or ether, and 
the nitrate, which is easily soluble in alcohol or ether. The following 
derivatives are also known : the carbonate , a crystalline powder, in- 
soluble in water, with ditliculty in alcohol or ether; the thiocyanate , 
which crystallises from ether, soluble in water or alcohol ; the cyanide , 
prisms from ether, insoluble in water, soluble in alcohol, decomposing 
with explosion and separation of metallic lead when heated; the 
phosphate , soluble in the above solvents; the formate, acetate , butyrate , 
oxalate, and ditartrate , all of which arc easily soluble in water, alcohol, 
or ether. Two double suite of lead triethyl chloride are also known, 
PbKt .,('1.1 Ig(’L and 2PbKt a (U.PtCl the hitter being difficultly soluble 
in water, imt easily in alcohol or ether. The jhmride crystallises in 
prisms, density 2*LS at 1<P (’., decomposing about 240° C. 

Lead tri-n-propyl chloride. 1 Twenty grams of n-propyl iodide 
in dry ether are treated with 2*7 grams of magnesium, and after the latter 
has dissolved, 2 grams of lead chloride are added in small portions, and 
the mixture boiled for t wo hours. After decomposition with water the 
ether layer is separated off, and dried over calcium chloride. Into the 
well-cooled ether solution, which now contains lead tetra-n-propyl, dry 
hydrogen chloride is passed, until a precipitate begins to appear. The 
other is t hen separated off, and the residue dissolved in alcohol, and after 
taking this to dryness the residue is crystallised from alcohol or ligroin, 
when Hat, colourless needles arc obtained, M.pt. 137° C. The compound 
is sparingly soluble in water, more soluble in alcohol, ether, chloroform, 
ben '/cue, or ligroin. It does not. combine with pyridine, but when shaken 
with moist silver oxide, lead tri-n-propyl hydroxide is obtained. The 
latter compound absorbs carbon dioxide from the air, and yields salts 
with acids. With hydrogen bromide the bromide is obtained, which 
crystallises in needles, M.pt, S2 fl and has the same solubility as the 
chloride. The sulphate, from sulphuric acid and the hydroxide, is easily 
soluble in water, but insoluble in the usual organic solvents. Its solu- 
tion in concentrated sulphuric add soon becomes turbid, at the same 
time emitting numerous small bubbles. The compound decomposes 
when heated, before melting. The acetate crystallises in colourless 
needles, M.pt, 1 l(i u tk, soluble in the usual organic solvents. The 
fluoride crystallises in bushy needles, density 1 *5(> at .18° C., exploding 
at about 2U5 (’. 

Lead tri-n-butyl chloride is obtained from magnesium butyl 
iodide, and lead chloride, the product being treated with hydrogen 
chloride as above. It forms colourless, Hat needles which melt to a clear 
liquid at 100" to 110" and have a similar solubility to the propyl 
compound. Thu hydroxide is prepared by dissolving the chloride in 
aqueous alcohol and shaking with silver oxide. The solution in water 
has an alkaline react ion, and absorbs carbon dioxide irom the air. 
When treated with hydrogen bromide a white precipitate of Lead tri-n- 
bulijl bromide separates, which may be recrystallised from ether or 
chloroform. 

Lead trl -isobutyl chloride 4 melts at m°C. without decomposition; 
the bromide has M.pt. 107° to 108° C. ; the iodide forms yellow plates, 
which decompose when heated; thu fluoride forms prisms, decomposing 
at about 280° C. and having ft density of 1-50 at 17° C. 

* PfVitlVr, Trtwkittr, awl DiBBclkamp, Ren, 1910, 49. 2445. 

* fJrtittw*r ami Kmuw:% Ikr. f 1917, 5°* ^78, 
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Lead tri-isoamyl chloride . 1 — This compound is stated to be 
crystalline, but no melting-point is given. The bromide sinters at 129° 
C. and melts at 132° to 133° C.; the iodide, which was originally obtained 
by heating sodium-lead alloy with isoamyl iodide, and treating the 
reaction product with iodine, crystallises in yellow plates, which are 
insoluble in water, and with difficulty in alcohol or ether. It forms an 
addition product with mercuric iodide, Pb(C 5 H 11 ) 3 I.Hgl 2 « The free 
base, lead tri-isoamyl hydroxide, is prepared from the iodide by means oi 
silver oxide. The fluoride forms long, colourless needles, density 1-46 
at 17° C., decomposing at about 251° C. 

Alkyl Derivatives of the Type R 2 PbX 2 . 

Lead dimethyl dichloride , 2 Pb(CH 3 ) 2 Cl 2 .— When lead tetra- 
alkvls are treated with halogen at -20° C. two alkyl groups are re- 
moved. The dichloride is practically insoluble in most organic solvents, 
and has a strong acid reaction in warm water. The oxide dissolves in 
weak acids and in caustic alkalies. The sulphide is soluble in hydro- 
chloric acid or ammonium sulphide, insoluble in acetic acid, but the 
chromate is soluble in the latter. The dibromide has similar properties 
to the dichloride, and a di-iodide has also been prepared. 

Lead diethyl dichloride may be prepared as above or from lead 
diethyl diphenyl by the action of hydrochloric acid or by thallic chloride. 3 
It crystallises from alcohol in pale yellow needles. The corresponding 
dibromide is prepared from lead diethyl diphenyl by the action of 
dry hydrogen bromide. It crystallises in glistening, yellow prisms, 
which become white on long standing in air, and are decomposed by hot 
solvents. 

Lead di-n-propyl dichloride is more stable than most of the lead 
dialkyl dichlorides. In contact with water or alcohol at 30° C. it slowly 
splits off lead chloride, and wdien heated to 228° C. it decomposes. 

Lead di-isobutyl dichloride crystallises in white plates from hot 
alcohol, and the dibromide melts at 102° to 103° C. with decomposition. 

Lead di-isoamyl dichloride decomposes at 108° C., and the 
dibromide sinters at 93° C. 

Alkyl Derivative of the Type R 2 PbX'X". 

Lead di-isobutyl chlorobromide melts with sudden decomposition 
at 110° C. 


Alkyl Derivatives of the Type RR'PbX 2 . 4 

Lead methyl ethyl dichloride. — Twenty grams of lead trimethyl 
ethyl in 100 c.c. of ethyl acetate are chlorinated at —75° C., whereby 
the monochloride is obtained. This on chlorination without cooling 
yields the dichloride in quantitative yield. It is fairly soluble in warm 
water and alcohol and crystallises on cooling in hair-fine needles, which 
are not so well formed as those of lead dimethyl or diethyl dichlorides. 

1 Klippel, Jahresber., 1860, p. 381 ; Griittner and Krause, Bar., 1917, 50, 278. 

2 Griittner and Krause, Ber., 1916, 49, 1415. 

3 Holler and Pfeiffer, Ber., 1916, 49, 2441 ; Goddard and Goddard, Trans. Chem. 
Soc., 1922, 121, 482. 

4 Griittner and Krause, Ber., 1917, 50, 209. 
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In pyridine or dimeihylnmline dissolves with extraordinary ease, and 
heat is evolved, 1 ho pyridine addition product crystallises from 
alcohol in centimetre needles, but lead chloride separates on keeping. 
The aqueous solution of lead methyl ethyl dichloride has a feeble acid 
reaction* and the compound is easily soluble in potassium hydroxide, 
sparingly in ammonium hydroxide. Hydrogen or ammonium sulphides, 
from neutral, feebly alkaline, or very dilute acetic acid solutions, pre- 
cipitate a white sulphide* soluble in hydrochloric, acid or excess of 
ammonium sulphide* Potassium iodide solution gives a canary yellow 
dr iodide* insoluble in acetic acid, easily soluble in hydrochloric acid. 
With potassium chromate a bright; yellow chromate is formed, easily 
soluble in acetic acid. 

Lend ethyl Isoamyl dichloride is obtained in quantitative yield 
by chlorination id* lead diethyl isoamyl chloride. It crystallises in 
plates, sparingly soluble in water, insoluble in ether, ethyl acetate, or 
benzene. 

Lead n- propyl isobutyl dichloride occurs in shining plates. 

Lend n -propyl isoamyl dichloride is obtained from lead methyl n- 
propyl isoamyl chloride, ami crystallises from hot alcohol, in which it is 
easily soluble, in plates, insoluble in benzene, ether, ethyl acetate, or 
water. The sulphide may be obtained in the usual way, and it is readily 
soluble in alcoholic ammonium sulphide, sparingly in aqueous ammonium 
sulphide. 

Lead ethyl isobutyl dibromide forms a snow-white, line powder, 
soluble in small quantities in warm alcohol. 

Lead n-propvl isobutyl dibromide crystallises from ether in 
glistening plates. The sulphide is pule yellow. 

Lead isobutyl isoamyl dibromide forms plates, M.pt. 95° C. 


Alkyl Derivatives of the Type R u Pb . 1 

Lead trie! by L Kt a l*b. Sixty-five grams of lead triethyl chloride, 
covered with 100 e.e. of distilled water, are treated with 40 can of 5- 
Nornml sodium hydroxide and the mixture stirred until solution is 
complete. Addition of *200 e.e, of 5-Normal sodium hydroxide pre- 
cipitates the lend triethyl hydroxide, winch is separated. Sixty grams 
of the latter in 200 e.e. of 95 per cent, alcohol are electrolysed with lead 
electrodes, using a current density of 0*01 amperes per sq. cm. Lead 
friethvl forms as an oil at the cathode. It is pale yellow in colour, 
density I *9 L and readily oxidised in air, giving a yellowish powder. 
It may be distilled in steam, and at 2 mm, pressure it boils at 100° G., 
but it decomposes when distilled at ordinary pressure. It is still liquid 
nl ho i\ In dilute solution it corresponds to the simple formula, 
Kt Pb, but at higher concent rat ions exists as Et c I > b 2 > this property 
being similar to that of the corresponding aryl compounds. 


Aryl Derivatives of the Type R^Pb. 

Lead tetruphenyl, This body was first prepared 2 from 

sodium ■lead alloy, bromubmmte, and ethyl acetate by heating the 
mixture to boiling in an oil-bath for sixty hours. It is much more 


' Military, Hiirliwidt.Jnnil (tnliugafirt, J. Amur. Chem. Hoc., 1023, 45 , 1821. 
« t'olw, hr., 1KX7, 20, 7111. 
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readily obtained by use of the Grignard reagent, 1 the course of the 
reaction being represented as follows : — 

2PbCl 2 +4C 6 H 5 MgBr=Pb+Pb(C 6 H 5 ) 4 +4MgClBr 

The following method of conducting the experiment is said to give a 
50 per cent, yield. 2 To the Grignard solution from 12*15 grams of 
magnesium, 78*5 grams of bromobenzene and 200 c.c. of anhydrous ether, 
400 c.c. of dry benzene are added, and 63 grams of finely divided 
lead chloride in one lot. After boiling for eight hours, the whole is 
poured into hydrochloric acid containing ice, and then filtered. The 
solid lead tetraphenyl, etc., is boiled with 300 c.c. of benzene for a 
few minutes and then filtered, the cool filtrate yielding a crop of pure 
lead tetraphenyl. The crystals are removed and the filtrate used to 
make three further extractions of lead tetraphenyl. The benzene 
extraction liquor is then added to the ether-benzene layer which forms 
the filtrate when the Grignard reaction mixture is hydrolysed and 
filtered. Evaporation of these solvents yields 6 to 10 grams of lead 
tetraphenyl. The total yield is about 29 grams. 

Lead tetraphenyl crystallises in small, white needles, M.pt. 224° to 
225° C., which distil unchanged at about 240° C. 3 

The body shows decomposition if heated above 270° C. 4 and bums 
in air with a reddish flame and the separation of lead oxide. It is 
moderately soluble in chloroform, benzene, or carbon bisulphide when 
hot, and difficultly soluble in alcohol, ether, ligroin, or acetic acid. If 
heated in a sealed tube with hydrochloric acid decomposition occurs, 
lead tetrachloride and benzene being produced. By the action of 
halogens or concentrated nitric acid two phenyl groups are split off, 
and a lead diphenyl dihalide or dinitrate formed. A similar action 
takes place with iodic acid, formic, acetic, trichloracetic, propionic, 
valeric, and p-nitrobenzoic acids. 5 With metallic chlorides the follow- 
ing derivatives are formed : arsenic trichloride > lead diphenyl 

dichloride and diphenyl arsenious chloride ; antimony trichloride -> 

lead diphenyl dichloride and diphenylstibine chloride ; antimony penta- 
chloride — > lead diphenyl dichloride and diphenylstibine trichloride ; 
bismuth tribromide — > lead diphenyl dichloride and diphenylchloro- 
bismuthine ; thallic chloride — > lead diphenyl dichloride and thallium 
diphenyl chloride ; 6 tellurium tetrachloride — > lead diphenyl dichloride 
and tellurium diphenyl dichloride. 

Lead tetraphenyl 7 crystals have been shown to belong to the tetra- 
gonal system, the axial ratio, a : c=l : 0-3808, the corresponding tin 
compound giving a : c=l : 0-38935, and silicon tetraphenyl, a:c = 
1 : 0*43969, the three compounds being isomorphous, the value of the 
principal axis decreasing with increase in atomic weight of the grouping 
element. 

Lead tetra-p-tolyl may be prepared by heating under reflux 120 
grams of p-bromotoluene, 300 grams of sodium-lead amalgam, 40 grams 
of toluene, and 4 c.c. of ethyl acetate for fifty hours in an oil-bath. 

1 Pfeiffer and Truskier, Ber., 1904, 37, 1125. 

2 Gilman and Robinson, J. Amer. Ghem. Soc., 1927, 49, 2315. 

3 Zechmeister and Csabay, Ber., 1927, 60, [B], 1617. 

4 Polis, Ber., 1887, 20, 716. 

5 Goddard, Ashley, and Evans, Trans. Ghem. Soc., 1922, 12 1, 978. 

6 Goddard and Goddard, Trans. Ghem. Soc., 1922, 121, 256. 

7 Polis, he. dt. 
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After subjecting this mixture to vacuum distillation the residue is 
extracted with hot benzene, the solution on cooling depositing white 
needles, irom which the ditolyl can be removed by treatment with 
alcohol. The colourless needles of the pure compound melt at 239° to 
21*0 C. to a liquid which decomposes at 254° C. It is more easily 
soluble than the corresponding phenyl compound in benzene, carbon 
bisulphide, or chloroform, and is difficultly soluble in boiling alcohol. 
Lead tetmhenzyl is not obtained by this reaction. 

Lend tetracyclohexyl, Pb(C c H 11 ) 4 . 1 — To a solution of 23 grams of 
magnesium cyeiohexyl bromide in 100 grams of ether, 10 grams of 
dried lead chloride are added, the reaction going smootlily, and finely 
divided lead separating out. After six hours’ boiling the mixture is 
decomposed by very dilute hydrochloric acid, the ether removed, and 
the residue triturated with absolute alcohol, quickly dried, and crystal- 
lised from benzene. The compound separates in canary yellow plates, 
which slowly decompose with separation of lead at 200° C., and if rapidly 
heated to 225 C. explode.- 

Lend tetra-p-xylyl, l > b[(CH a ) a C 6 H 3 ] 4 .' — This is isolated by treating 
the magnesium compound from p-bromoxylene (0-04 mol.) with tri- 
p-xylyl lead bromide (()•() L mol.)* The compound melts to a clear 
liquid at 255° but at 270" C. decomposes with the separation of 
metallic lead* It crystallises from benzene in plates, and is easily 
soluble in chloroform, with difficulty in ether, and insoluble in alcohol. 3 

Lend tetra-a -thienyl is prepared in the same way as the correspond- 
ing tin compound. It melts at 154*5° C. (corr. ). 4 


Aryl Derivative# of the Type R a PbR\ 


The general method of preparation of these bodies is as follows : 
Fifty grams id' lead triphenyl bromide is added in small quantities, with 
continual slinking, to an ice-cooled solution of one and a half times the 
calculated quantity of magnesium aryl bromide, in 400 c.e. of ether. 
When the reaction ceases the product is boiled for one to two hours under 
reflux, then cooled and decomposed with aqueous ammonium chloride 
solution. The ether layer is separated off, dried, and after evaporation 
the residue is reerysiullised from alcohol or alcohol-ether. 6 

Lead triphenyl p-tolyl forms hair-line needles, M.pt. 125*5° C., 
decomposing about 250" C. 

Lead triphenyi p-xylyl, Pb(C 6 U 5 ) 8 .C 8 H 9 , crystallises from dilute 
alcohol in needles, M.pt. 125*5° C. It is easily soluble m ether, benzene, 
or chloroform, slightly so in cold alcohol, more readily in hot alcohol. 

Lead triphenyi m-xylyl crystallises from alcohol in star-like 
groups of rod-shaped crystals, M.pt. 111*5° to 112 C. 

Lead triphenyi p-phenetyl crystallises from alcohol m fine, white 

needles, M.pt 119° to 120° C. 


* Uriittaer, 1914, 47* 9257* . . . , , 

* This btxly Iim aim* lawn obtained by the interaction of load tncyclohoxyl bromide and 
miutuemum cv.dnhrxvi bromide (Krause, Her., 1021, 54, [BJ, 2006 . Kimuk states that his 
ZL ration became yellow at 120“ 0 ., and blackened at 160 °, and it crystalhsed m colour- 
I, J rectangular platea, easily notable in hot benzene, sparingly m alcohol. 

3 Krauae and Schmitz, Jkr., 1010, 52, [B], 2105 . 

* Kraut*, and Henwauz, Hex., 1027, 60, [BJ, 1582. 

'• Krause and Schmitz, Her., 1019, 5 2 > lAl* 2150. 
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Lead triphenyl cyclohexyl, Pb(C 6 H 5 ) 3 .C 6 H n , forms flat lancets, 
M.pt. 119° C. 

Lead triphenyl a -naphthyl crystallises from hot alcohol in char- 
acteristic flat, yellow, warty tufts of needles, M.pt. 101° C., which are 
easily soluble in ether, benzene, or chloroform. 

Lead triphenyl p -phenoxyphenyl forms microscopic white 
crystals, melting at 127° C. and decomposing at 260° C. 1 

Aryl Derivatives of the Type R 2 PbR' 2 . 

Lead diphenyl di -a -naphthyl, Pb(C 6 H 5 ) 2 (C 10 H 7 ) 2 . — This is ob- 
tained as a snow-white, granular, crystalline powder by the interaction 
of lead diphenyl dibromide and magnesium a-naphthyl bromide. The 
product melts at 197° C., lead separating at a higher temperature, and 
it is soluble in ether, benzene, or hot alcohol. It reacts with thallic 
chloride according to the equation : 2 

Pb(C 6 H 5 ) 2 (C 10 H 7 ) 2 +TlCl 3 =Pb(C 6 H 5 ) 2 Cl a +Tl(C 10 IT 7 ) 2 Cl 

Lead diphenyl di-o-tolyl . 3 — To a solution of 5-6 grams of o-bromo- 
toluene and 0-8 gram of magnesium in dry ether, 5 grams of lead 
diphenyl iodide are slowly added. After the reaction has subsided, the 
mixture is heated for half an hour on the water-bath, cooled, and 25 c.c. 
of toluene added, the whole then being decomposed with dilute 
hydrochloric acid. The toluene-ether layer is separated, the solvents 
removed, and the residue subjected to steam distillation to remove 
the last traces of toluene. An oil is obtained which soon solidifies to a 
yellow mass; this when crystallised from alcohol appears as white 
needles, sintering at 129° C., and melting at 134° to 135° C. It is readily 
soluble in cold chloroform and in hydrocarbons. 

Lead diphenyl dicyclohexyl may be prepared either by the inter- 
action of magnesium cyclohexyl bromide and lead diphenyl dibromide or 
magnesium phenyl bromide and lead dicyclohexyl dibromide. It forms 
pale yellow needles, M.pt. 178° to 180° C., the yellow liquid soon de- 
positing metallic lead. The compound is soluble in alcohol, benzene, 
carbon tetrachloride, or ethyl acetate. 4 

Lead diphenyl di-p-xylyl forms colourless, prismatic rods, M.pt. 
94° C., decomposing at about 250° C., easily soluble in benzene, chloro- 
form, or ether, sparingly in cold alcohol. 5 


Aryl Derivatives of the Type Alk 3 PbAr. 

The general equation for the preparation of this type of compound is 
as follows :— 6 

Alk 3 Pb.Hal +Ar.Mg.Hal =Alk 3 PbAr. +Mg.PIal 2 

The lead trialkyl aryls are colourless, oily, strongly refracting liquids, 
having a faint, characteristic odour. They are insoluble in water, but 

1 Krause and Schlottig, Ber ., 1925, 58 , [B], 427. 

2 Goddard and Goddard, Trans. Chem. Soc 1922, 121 , 485. 

3 Lederer, Ber., 1916, 49 , 349. 

4 Griittner, Ber., 1914, 47 , 3257. 

6 Krause and Schlottig, loc. cit. 

, 6 Griittner and Griittner, Ber., 1918, 51 , 1293. 
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miscible with the usual organic solvents. Under a pressure of 13 to 
Id mm, they boil without decomposition in a carbon dioxide atmosphere, 
the only exception being lead triethyl benzyl, which shows a separation 
of dibenzyl. The compounds decompose at 200° C. with separation of 
lead and techie explosion, burning with a reddish flame, and giving lead 
oxide. The trimethyl compounds are volatile in steam, and all the 
derivatives when treated with bromine in ethereal solution at —75° C. 
split off an alkyl or aryl group. 

The crude products are obtained from 0*2 mol. of lead trialkyl 
bromide, and 0*3 mol. of ethereal magnesium aryl halide, the mixture 
being boiled for several hours under reflux, then decomposed with water, 
tin* ethereal layer washed with 10 per cent, alkali, then sulphuric acid, 
and tin* ether distilled off. The brominntion of these compounds at 
75 u V. is earned out by adding to an ethereal solution of the lead com- 
pound, a solution of bromine in the same solvent, until the colour of the 
bromine persists. ArvI bromide and lead trialkyl bromide result. In 
t he ease of lead t riet hyl benzyl, both an alkyl and a benzyl group are split 
off, this being analogous to the action of bromine on lead alkyls con- 
taining a secondary alkyl group, A list of these compounds is given 
in 'I'ahle XXI 1L of the Appendix* 

Aryl Derivative# of the Type Alk 2 PbAr 2 . 

Lead diethyl diphenyl. 1 To the solution from 15 grams of ethyl 
bromide and 3 grams of magnesium in 200 e.e. of dry ether, II grams of 
lead diphenyl bromide (obtained by the action of bromine on lead tetra- 
phenyl) are added, the mixture being well shaken. The whole is boiled 
for an hour, cooled in ice, and decomposed with dilute hydrochloric add. 
The ethereal layer is dried over calcium chloride, t he ether evaporated off, 
and the residue distilled in vacuo at 20 mm. It is a colourless, very 
strongly refractive liquid, which shows partial decomposition when 
distilled, metallic lend separating out Yield about 5 grams. 

When treated with hydrochloric add or chlorine, two phenyl groups 
are split off, and with t bailie chloride it reacts as follows : - 

Pb(i' 2 ii,yi’,n r> ), i Tici, inKC 2 n 5 )./,d 2 +Ti(c 6 n 5 ),ci 

The specimen of lead diethyl diphenyl used in this reaction distilled at 
!K2 r * ('. at 10 imn," 

Lead diethyl di-a-nttphthyl a crystallises from alcohol in white 
prisms, M.pL 1 10 M t\, fairly soluble in ether. 

Aryl Derivatives of the Type Il 3 PbX. 4 

Lead triphenyl chloride. When the precipitate obtained by 
shaking lead triphenyi iodide with alcoholic caustic alkali is treated 
with 50 per cent . aqueous hydrochloric add, a quantitative yield of the 
above chloride is produced. This crystallises from alcohol in snow- 
white needles, which sinter at 20D 0. and melt at 200“ C. It has the 
same solubility as the bromide. 

* Muller him! Pfdtfer, Ittltt, 49. 2441. 

* UuiMurit ami Uiitltliml, Tmns. ifhem. Hoe.* 1 922, X2i, 433. 

4 Krauw* luiil Helmut/., fit -r,* HMO, l 0|» 2150. 

* UHHOief, ikr. t HUH, 51 , I2UH ; Krauw* amt Helmut/., foe. ml. 
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Lead triphenyl bromide.— To a. solution of 51-4 grams (0-1 mol.) 
of finely powdered lead tetraphenyl in one litre of pyridine, cooled to 
— 50° C. by solid carbon dioxide, a similarly cooled solution of 0*2 mol. 
of bromine in 200 c.c. of pyridine is added, without rise of temperature. 
An orange-coloured product which at first appears, gradually dissolves, 
and after an hour the whole is allowed to rise to room temperature and 
stirred. After filtering off the residue the solution is concentrated at 
110° C. at 16 mm., a nearly colourless mass being obtained. This is 
triturated with 100 c.c. of methyl alcohol, 100 c.c. of 10 per cent, hydro- 
bromic acid added, the whole filtered, and washed free from acid by 
water. After further treatment with methyl alcohol the product is 
practically pure, the yield being 90 per cent, of the theoretical. The 
compound crystallises from methyl alcohol in white, silky needles, 
sintering at 164° C. and melting to a clear liquid at 166° C., the latter 
slowly becoming turbid and lead bromide separating out. It is some- 
what soluble in hot ethyl alcohol, ether, or benzene, with difficulty in 
cold methyl alcohol or benzene, and insoluble in water. It dissolves in 
alcoholic sodium or potassium hydroxide, without forming a hydroxide. 
When rapidly heated it explodes, emitting a reddish light and depositing 
metallic lead. In the dry state it does not affect the mucous membrane 
of the nose to the same extent as the lead alkyl halides. 

Lead triphenyl iodide. 1 — If the mother-liquors of the above 
bromide be treated with potassium iodide, and the product obtained 
crystallised from water, the iodide separates in pale yellow prisms, 
which sinter at 139° C. and melt sharply at 142° C. to a canary yellow 
liquid, which soon deposits lead iodide. It is difficultly soluble in hot 
methyl alcohol, and insoluble in water, and is distinguished from all the 
other lead aryl or alkyl iodides by its stability. It does not appear to 
yield an oxide with alcoholic sodium or potassium hydroxide, but a 
white precipitate is thrown down, this yielding lead triphenyl chloride 
with 50 per cent, hydrochloric acid. 

Lead triphenyl fluoride forms fine needles, decomposing about 
318° C. ; density 1*82 at 16*5° C. 

Lead triphenyl sulphide is obtained as a white, flocculent pre- 
cipitate by passing hydrogen sulphide into a concentrated alcoholic 
solution of the chloride. When freshly made it is remarkably soluble in 
organic solvents, and stable on heating. It is easily soluble in alcohol 
or ammonium sulphide, but not appreciably in water. 

* tri-p-tolyl fluoride . 2 — A solution of the corresponding 

iodide is mixed with an aqueous alcoholic solution of neutral potassium 
fluoride, the fluoride being precipitated as a micro-crystalline powder. 
It crystallises from much hot alcohol in hair-like needles, decomposing 
at about 280° C. 1 * 

Lead tri-p-tolyl iodide 3 is obtained by the action of iodine on 
lead tri-p-tolyl. It crystallises in pale yellow, prismatic spears, 2 to 3 
cm. long, melting at 115° C. to a clear yellow liquid, which decomposes 
at about 195° C. with separation of lead iodide. 

Lead tri-p-xylyl chloride. — Lead tri-p-xylyl is changed to the 
bromide, and this with potassium hydroxide yields the hydroxide, which 
is then treated with dilute hydrochloric acid. The chloride crystallises 

1 See Krause and Keissaus, Ber., 1922, 55 , [B], 897. 

2 Krause and Pohland, Ber., 1922, 55 , [B], 1288. 

3 Krause and Keissaus, be. cit. 
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from alcohol in large, colourless, silvery, rectangular plates, M.pt. 
167-5 C., decomposing about 195° C. 1 

Lead tri-p-xylyl bromide. 1 — -When lead tri-p-xylyl is bromin- 
ated in pyridine solution at -70° €., simple addition of the halogen 
occurs. The compound crystallises from hot alcohol in silvery 
glistening plates, M.pt. 177° C., to a clear liquid. It is easily soluble in 
benzene, chloroform, or hot alcohol. (It should be noted that bromina- 
tion of lead tri-p-xylyl in chloroform solution at —10° C. yields lead 
di-p-xylyl dibromide.) 

Lead tricyclohexyl fluoride is obtained from the hydroxide by the 
action of hydrofluoric acid or from the iodide by neutral potassium 
fluoride. I rom hot alcohol small lancets are deposited, which decompose 
at about 198° C. Its density at 16-5^0. is 1-79. 

Lead tricyclohexyl chloride. 2 — The hydroxide is treated with 
dilute hydrochloric acid and the product recrystallised from hot alcohol. 
It forms pale yellow, hair-like needles, decomposing at 236° C. 

The bromide may be obtained in a similar manner or by direct 
bromination of lead tricyclohexyl in chloroform solution at —10° C. 
It crystallises in yellow needles, decomposing at 210° C. 

The iodide forms glistening, golden yellow, thick prisms, a centi- 
metre in length. It melts at 91-7° C. and decomposes at 125° C. It 
is very soluble in benzene or chloroform, fairly soluble in ether or hot 
alcohol, sparingly in cold alcohol. When shaken in benzene solution with 
30 per cent, potassium hydroxide it yields the hydroxide , a white, amor- 
phous powder which has not been isolated in a crystalline form. 

Aryl Derivatives of the Type R 2 PbX 2 . 

Lead diphenyl dichloride, (C 6 H 6 ) 2 PbCl 2 . 3 — This is obtained by 
passing dry chlorine into a carbon bisulphide solution of lead tetra- 
phenyl and warming the mixture, when a white precipitate appears, 
which is washed with carbon bisulphide to remove chlorobenzene. It 
may also be prepared by heating lead tetraphenyl with the chlorides 
of arsenic or antimony, bismuth bromide, thallic chloride or stannic 
chloride in xylene solution. 4 A third method consists in treating the 
corresponding dinitrate with potassium chloride. Lead diphenyl di- 
chloride is insoluble in alcohol or ether, slightly soluble in chloroform, 
benzene, or carbon bisulphide. It decomposes on melting, and when 
treated with silver nitrate the chlorine is removed, giving the dinitrate. 
With pyridine it forms a molecular compound (C 6 H 5 ) 2 PbCl 2 .4C 5 H 5 N. 5 

Lead diphenyl dibromide . 6 — By treatment of the dinitrate with 
potassium bromide, the dibromide is isolated as a white powder which 
decomposes on heating, but does not melt, and appears to be more 
soluble than the di-iodide. It may also be obtained by direct bromination 
of lead tetraphenyl in chloroform solution. The following addition com- 
pounds have been isolated, (C 6 H 5 ) 2 PbBr 2 .4C 5 H 5 N and (C 6 H 5 ) 2 PbBr 2 . 
2NH 3 . The latter is formed when ammonia is passed through a U-tube 

1 Krause and Schmitz, Ber., 1919, 52 , [B], 2165. 

2 Krause, Ber., 1921, 54 , [B], 2065. 

2 Polis, Ber., 1887, 20 , 3331. 

4 Goddard, Ashley, and Evans, Trans. Ghem. Soc., 1922, 121 , 978 ; Goddard and 
Goddard, ibid., 1922, 121 , 256. 

5 Pfeiffer, Truskier, and Disselkamp, Ber., 1916, 49 , 2445. 

6 Polis, Ber., 1887, 20 , 716. 
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containing lead diphenyl dibromide, but by passing air over the com- 
pound the ammonia is split off again. 

Lead diphenyl di -iodide . — Lead tetraphenyl in chloroform solution 
is treated with a solution of iodine in the same solvent, until a permanent 
colour of iodine remains. The solution on evaporation gives golden 
yellow needles of the iodide. The same result is obtained by the action 
of potassium iodide on lead diphenyl dinitrate. The compound melts at 
wiT ^ . anc * * s easil y s °l u ble in chloroform, alcohol, or benzene. 

When its alcoholic solution is treated with silver nitrate, silver iodide and 
lead diphenyl dinitrate are formed. 

Lead diphenyl dinitrate, Pb(C 6 H 5 ) 2 (N0 3 ) 2 ,2H 2 0.— When lead 
tetraphenyl is added to a boiling solution of nitric acid (density 1-4), 
two phenyl groups are split off, and on cooling, the nitrate is deposited in 
small, glistening plates. These are purified by crystallisation from water 
containing nitric acid, the pure compound being fairly soluble in hot 
water or alcohol, and exploding on heating, without melting. When a 
hot aqueous solution of the nitrate is treated with ammonia, a white 
precipitate of the basic nitrate is thrown down, Pb(C 6 H 5 ) 2 (0H)N0 3 . 
lhis also explodes without melting when heated, and by treating the 
normal nitrate with hot pyridine, and slowly cooling the solution, the 
following complex is deposited, Pb(C 6 H 5 ) 2 (N0 3 ) 2 .4C 5 H 5 N. 

biphenyl iodate 1 is a crystalline powder, formed by heating 
together lead tetraphenyl and iodic acid in xylene solution. It is in- 
soluble m the usual organic solvents. 

^ead diphenyl oxide may either be obtained by treating lead 
diphenyl halides with ethyl alcoholic potassium hydroxide 2 "or by 
adding a boiling solution of sodium hydroxide to a solution of lead 
lphenyl nitrate. 3 * The oxide is precipitated as a white powder, which 
does not melt, and volatilises without decomposition. It is strongly 
asic m character, and is insoluble in the usual organic solvents, also in 

sodium and potassium hydroxide. 

®, a * ic , Iead diphenyl carbonate, [(C 6 H 5 ) 2 Pb.0H] 2 C0 3 .— The 
ddition of sodium carbonate to a lead diphenyl salt solution causes the 
separation of this carbonate, which is a white, insoluble powder having 
no melting-point. 1 

from rtf d *Pk en yl d^ormate is deposited in small, colourless needles 
■T the solu fr° n obtained by boiling lead tetraphenyl and formic acid 
m benzene. It melts with decomposition above 200° C. If the formic 
acid be replaced by acetic acid, lead diphenyl diacetate crystallises out in 
white crystals, which are easily soluble in cold water or acetic acid. The 
compound thus obtained has the formula, PbfCbKMJC JT O ) 2H O 

at n diphenyl tnchlor acetate* is obtained, which softens 

It has th ill and deco “P°5 es ra Pidly at 210° C. without melting. 
It has the following constitution, 2C 16 H 10 0 4 CLPb.CoHOoCl The 

following salts have also been obtained : Acid lead diphenyl propionate 

S? C S teatT /h U h at ) 68 ° t0 169 ° this decomposing atho 0 to 
, , y * lea “ ^Phenyl divalerate, white needles, M nt 168° to 170° r • 

lead diphenyl oxalate, a white, crystalline powder, darkening at 

2 Goddard, Ashley, and Evans, Trans. Chem. Soc., 1922 121 978 

1 Zeohmeister and Csabay, Ber., 1927, 60 , [Bl, 1617 ’ 

3 Polls, Ber., 1887, 20 , 716. ’ 1 J ’ L ' 

* Goddard, Ashley, and Evans, loc. cit. 
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and dm.mposin .« rapidly at *298° to ‘295° C. ; lead diphenyl di-p-nitro- 
Ih nuiaft\si lull pale yellow needles, darkening and melting at 256° C. 

Lead diphenyl dicyanide 1 is obtained by treating the di-iodide in 
j !™’ 1 with silver cyanide. It decomposes at 

2 b. to ( . and is converted by dilute nitric and hydrochloric acids 
into the corresponding dimtrate and diehloride. 

Basic lead diphenyl cyanide, l*b(C 6 II 8 ) a OI1.0N.*— If the nitrate 
is treated w.th a solution ol potassium cyanide, this basic cyanide is 
precipitated as a white powder. It is insoluble in water, alcohol, or 
ether, and melts with decomposition. 

Lead diphenyl dithiocyanate. This salt is readily obtained by 
mtxim; together aqueous solutions of lead diphenyl acetate and am- 
monium thiocyanate. It is a white powder, insoluble in water and 
the usual organic solvents, and is decomposed by silver nitrate, silver 
thiocyanate bonitf deposited. The salt decomposes at its meltiim- 
point. ' * 

.Lead diphenyl sulphide. W hen an aqueous acetic acid solution 
oi the above acetate is decomposed with hydrogen sulphide, a white 
lloceulent precipitate of the sulphide is obtained. By extracting this 
with ideohobbenzene, and evaporating off the solvent, small, bright 
yellow crystals are deposited. It is essential that the reaction should be 
earned out in tin* (‘old, since the sulphide is decomposed by heat. The 
compound becomes brown when heated from 8 () <} to <) 0 ° C„ and at higher 
temperaturt‘ s diphenyl is driven off, and pure lead sulphide remains. 
* he salt is easily soluble in benzene, chloroform, or carbon bisulphide, 
but with dilticuity in alcohol or ether. 

Lead diphenyl chromate separates as a. bright yellow, crystalline 
precipitate, when potassium diehromale is added “to lead diphenyl 
dinit rate. It is insoluble in water or alcohol 

Lead diphenyl phosphate is isolated in the same way as the 
chromate, using sodium phosphate. It is a white, crystalline powder, 
which does not melt, and is insoluble in the usual organic solvents. 

Lead di-p~tolyl diehloride . 3 This is a white powder, prepared 
as tin* foregoing plumy! compound. It is moderately soluble in chloro- 
form, carbon tetrachloride, or benzene; insoluble in alcohol or ether; 
by the action of alcoholic silver nitrate the chlorine may be re- 
moved. Lead di p tohjl di bromide is formed by the action of bromine 
on the let radolyl compound. It; decomposes on melting, and has a 
similar solubility to the chloride. The di-iodide is a yellow compound, 
readily soluble in carbon bisulphide. 

Lead di-p-tolyl dinitrate crystallises in line white needles, having 
d mois. of water of crystallisation. It is soluble in water, with difficulty 
in alcohol, and explodes on heating. When boiled with water, or when 
its nitric acid solution is precipitated with ammonia, a basic nitrate is 
obtained, Fb(C 7 Il 7 ),(01 1 }NO a . This is a white, amorphous powder 
which does not melt, and feebly explodes on heating. 

Lead di-p-tolyl diformate, formed by the action of formic acid 
on lead tetru-p-t.olyl, crystallises from aqueous formic acid in shining, 
white needles, which decompose and blacken at 2 dd° C. The diacetate , 
l > h(t* 7 Ii 7 ) 2 ((! d U a 0 9 ) s .2lI 1 |0 t which crystallises in fine needles, is not as 

1 KrchturiaWr and Csaiuiy, Ikr H 1927, 6 o, [Bj, KU7. 

* Polls, tkr. p IHH7, 20 , 716. 
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soluble as the corresponding phenyi compound, and the water free of 
salt melts without decomposition at 188*5° C. 

Lead di-p-tolyl sulphide. — When hydrogen sulphide is passed 
into a solution of the above diacetate, the sulphide is deposited as a 
pale yellow precipitate. It is washed with hydrogen sulphide water, 
dried in vacuo , and recrystallised from alcohol -benzene. When heated 
to 90° C. it turns brown, at 98° C. it blackens, and at higher temperatures 
gives di-p-tolyl and lead sulphide. It is decomposed by light, and is very 
soluble in benzene, carbon bisulphide, or chloroform, with difficulty in 
alcohol or ether. 

Lead di-p-tolyl chromate is precipitated as a yellow powder 
when potassium dichromate reacts with lead di-p-tolyl diacetate. 

Lead di-p-xylyl dibromide 1 is obtained by the bromination of 
lead tri-p-xylyl in chloroform solution at —10° C. It crystallises from 
chloroform in colourless, glistening rods which are difficultly soluble 
in ether, and insoluble in alcohol. It melts about 120° C., decomposing 
with the separation of lead bromide. 

Lead dicyclohexyl dichloride 2 is isolated (a) by passing hydro- 
chloric acid gas into a suspension of lead tetraeyclohexyl in chloroform, 
or ( b ) by treating the latter chloroform suspension at 0° C. with the 
calculated quantity of chlorine in carbon tetrachloride. It forms pale 
yellow needles, which become reddish brown at 150° C. and decompose 
with the deposition of lead at 180° C. 

The corresponding dibromide is prepared (a) by the bromination of 
the tetraeyclohexyl compound, or ( b ) by passing hydrobromic acid gas 
into a benzene solution of the tetra-compound. It is isolated in pale 
yellow needles, which become orange at 100° C., almost white at 160° C 
and deposit lead suddenly at 225° C. 3 The di-iodide forms orange needles, 
which decompose at 100° C. and are readily soluble in hot benzene, with 
difficulty in hot alcohol. It may also be prepared by treating lead 
tricyclohexyl iodide with a solution of iodine in benzene. 4 

Lead dicyclohexyl sulphide. 5 — (1) When hydrogen sulphide is 
passed into a pyridine solution of the chloride or bromide (not the iodide), 
addition of alcohol precipitates the sulphide. (2) By passing hydrogen 
sulphide into a pyridine solution of lead tetraeyclohexyl, kept at —10°^ C. 
the sulphide is also precipitated. The compound is washed with ice-cold 
alcohol, and dried in vacuo over phosphorus pentoxide. It is a pale 
yellow powder which crystallises from dilute pyridine in microscopic 
plates, these blackening without melting slightly above 100° C. 

The action of nitric acid on lead tetraeyclohexyl does not lead to the 
production of the corresponding nitrate, but gives lead nitrate. Silver 
nitrate on lead dicyclohexyl dihalides yields silver halide, and a reddish- 
brown precipitate which contains silver, and is probably a silver deriv- 
ative of cyclohexane. 


Aryl Derivatives of the Types R 2 Pb. and R 3 Pb. 

teaddlph«yl.«-Tl»e preparation is carried out in a wide-necked, 
round-bottomed Jena flask, fitted with a stopper containing five holes, 

1 Krause and Schmitz, Ber., 1919, 52 , [B] 2165. 

2 Griittner, Ber., 1914, 48 , 3257. 

3 Krause gives the decomposition point about 142° C 

4 Krause, Ber., 1921, 54 , [B], 2065. 

6 Krause and Reissaus, Ber., 1922, [B], 55 , 888 . 


6 Griittner, loc. cit. 
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used as follows: (I) For currying stirrer. (2). For introducing lead 
chloride and magnesium compound. (3) For passing in nitrogen. (4) For 
thermometer. (5) For condenser. 

Into this apparatus the magnesium compound from 50 grams of 
broinohenzene in 400 c.c. of ether is introduced, and the whole cooled 
in ice. With vigorous stirring and in a nitrogen atmosphere, 44 grams 
oi lead chloride are added during three-quarters of an hour, in portions 
ot not more than 0*a gram, the temperature being maintained at *|-2° C. 
The ethereal solution becomes reddish brown, and the stirring is main- 
tained for two hours, the temperature being kept at 0° C. The mass is 
then decomposed by small pieces of ice, and shaken with benzene in a 
funnel tilled with nitrogen. The benzene solution is evaporated under 
reduced pressure in a nitrogen atmosphere to about 50 e.e. Any lead 
tri phenyl which may have been formed crystallises out at this stage 
and is tillered off. When the blue-red filtrate is added dropwise to 
alcohol, the lend diphenyl separates out, is dissolved many times in 
a little benzene and fractionally precipitated by alcohol. Yield 2 
to 3 grams. 

The compound in the dry state is an intense bluish-red, amorphous 
powder, fairly soluble in benzene or ether, insoluble in alcohol. Its 
benzene solution reduces alcoholic silver nitrate, giving a deep black 
precipitate of silver. It decomposes at about 100" becoming colour- 
less ; changes to pale yellow at 120" melts above 200° (•., but does 
not blacken at 200 (\ 

A better yield is obtained if the reaction be carried out in benzene 
instead of ether solution. 

When a benzene solution of lead diphenyl is treated with an ethereal 
solution of magnesium phenyl bromide and boiled for a few minutes, 
black metallic lead separates out. The mass is decomposed with water, 
the solvent layer evaporated, and the residue when treated with benzene 
gives a good yield of lead tri phenyl. 

Lead cH-p-tolyl is prepared in a similar way to the phenyl com- 
pound, *10 grants of p-hromotoiuene give 2 grams of product. It has 
the same properties and reactions as the phenyl derivative. 

Lead tri phenyl. The apparatus used for this and the following 
experiments is the same as for lead diphenyl. To the magnesium com- 
pound from 50 grains of bromo benzene in 250 e.e. of ether, 40 grams of 
lead chloride, in half gram quantities, are slowly added. The reaction 
is carried out in nitrogen and the mixture vigorously stirred. The 
ethereal solution changes through brownish red to yellow, and after the 
addition of tin* lead chloride the stirring is maintained for three hours. 
The mass is decomposed by small pieces of ice, the ether removed under 
reduced pressure, and the residue filtered and washed with water and 
three times with alcohol, then dried at t he ordinary temperature iu vacuo 
over phosphorus protoxide, The dry product is extracted with hot 
benzene, from which glistening rhomboidal crystals separate, containing 
I mol, of benzene of crystallisation. It crystallises from chloroform in 
plates. Yield 17-5 grams, 40 per cent. It commences to decompose at 
J5ff (\ and melts at 225" i\ It may he converted to lead tetraphenyl 
(1) by heating alone, (2) by heating its benzene solution on a boiling 
water hath, (8) by heating the pyridine solution at 60° to 05° C. Its 
solution in benzene is converted by an aqueous alcoholic solution of 
iodine into lead triphenyl iodide, but with a dilute solution ol iodine in 
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benzene, lead diphenyl di-iodide and lead iodide are formed, the former 
only in small quantity. 

Lead tri-o-tolyl crystallises from benzene or chloroform in micro- 
scopic rhombic crystals, from which lead separates at 240° C., and at 
250 C. a black liquid is obtained. It slowly decomposes alcoholic silver 
nitrate solutions when warmed, but has no action in the cold. 

Lead tri-p-tolyl is formed by the same method as the phenyl com- 
pound. It crystallises from benzene on the addition of alcohol in 
six-sided plates, from chloroform in rhombohedra, containing chloroform 
of crystallisation, these being efflorescent in the air. It commences to 
decompose at 193° C. and melts at 240° C. A cooled benzene solution 
gives a greenish precipitate with alcoholic silver nitrate, which quickly 
blackens as the temperature rises, but if a very low temperature is 
maintained the green colour remains. When heated alone or boiled 
m benzene solution it yields lead tetra-p-tolyl. In contrast to lead tri- 
p-xylyl and lead tricyclohexyl, it is converted by bromine in freezing 
pyridine into lead bromide and lead tetra-p-tolyl, which points to the 
possible existence in pyridine solution of the equilibrium : 


2Pb(C 7 H 7 ) 3 1=7 P b (C 7 I-I 7 ) 4 +Pb (C 7 H 7 ) 2 

VV lien the benzene solution is treated with aqueous alcoholic iodine solu- 
tion, lead tri-p-tolyl iodide is formed. 

Lead tri-m-xylyl. 1 To a solution of 20*55 grams of p-bromo- 
xylene aiid 3 >12 grams of magnesium in 100 c.c. of ether, 11*6 grams of 
lead chloride are added in small quantities, and the mixture boiled for 
ive hours. Metallic lead soon commences to separate out and the 
colour of the solution changes from brownish red to green. The mixture 
is decomposed with water, filtered, and the dry residue extracted with 
benzene. Evaporation of the solvent gives 2-5 grams of a very pale 
yellow, crystalline powder. After crystallising from acetone, then three 
times from benzene, it melts sharply at 233-5° C. with the separation of 
metallic lead. It is soluble in chloroform or toluene, slightly soluble in 
acetone, light petroleum, or pyridine. Its solutions precipitate silver 
oxide from alcoholic silver nitrate. When its benzene solution is treated 
with thallic chloride it yields thallous chloride and lead di-m-xvlyl 

niph m’i j j 


Lead tri-p-xylyl 2 sinters at 220° C., and melts with decom- 
position at 225° C It is easily soluble in hot benzene or chloroform, 
sparingly in cold benzene or ether, and insoluble in methyl or ethyl 
alcohol. Its benzene solutions when exposed to air are unchanged, but 
in sunlight quickly deposit a white precipitate. In the dry state the 
compound is stable m air. Bromination at -40° C. produces lead 
tri-p-xylyl bromide but at -10° C. lead di-p-xylyl dibromide is formed. 

, , Lea n tri cydohexyl 3 crystallises in bright yellow, thin, hexagonal 
plates, decomposing at 195° C. It is readily affected by light" the 
solid substance quickly becoming brown, and the benzene solution 
yielding a white precipitate in diffused light or a brown precipitate in 
direct sunlight The benzene solution is not stable in the dark, aud it 
reduces alcoholic silver nitrate in the usual way. When boiled with 
ammonium sulphide, lead sulphide is formed. A solution of iodine in 
1 Goddard, Tram. Ghem. Soc., 1923, 123, 1171 

1 ftHSfcZ iWfi. 5 *- IB1 2161 ‘ K ““ " 4 “““• ^ *■ 
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benzene when added to a benzene solution of lead tricyclohexyl yields 
lead tricyclohexyl iodide. 

Aryl Derivatives of the Types Ar 2 AlkPbX ; Ar 2 Ar'PbX. 

Lead diphenyl methyl bromide 1 is obtained by the bromination 
of lead triphenyl methyl, as an oily product, which is pressed on a porous 
plate and recrystallised from benzene-alcohol. It forms glistening 
needles, M.pt. 118° C., decomposing with frothing at 124° C. 

Lead diphenyl ethyl bromide forms colourless, glistening, pris- 
matic needles, M.pt. 119° C., decomposing with gas evolution at 180° to 
185° C. It is very easily soluble in benzene or chloroform, readily in 
ether, sparingly in cold alcohol. 

Lead diphenyl p-xylyl bromide is prepared by brominating lead 
diphenyl di -p-xylyl, and the crude product is best recrystallised from 
about 80 per cent, alcohol. It crystallises in bushy groups of plates, 
M.pt. 90° C., decomposing at 200° C. With phenyl magnesium bromide 
it yields lead triphenyl p-xylyl. 

Lead diphenyl cyclohexyl bromide occurs as fine groups of 
prismatic needles, M.pt. 185° C., decomposing at 160° C. Phenyl mag- 
nesium bromide con verts it to lead triphenyl cyclohexyl. 

Aryl Derivatives of the Types Ar s PbAlk ; Ai\>Ar'PbAlk ; 
Ar.ArTbAlkX . 2 

Lead triphenyl methyl is prepared from lead triphenyl bromide 
and an excess of methyl magnesium halide. It crystallises from benzene 
in rhomboidal crystals, M.pt. 60° C., becoming turbid at 220° C. and 
decomposing at 260° C. In benzene or chloroform it is very soluble, 
less soluble in ether, sparingly in cold 94 per cent, alcohol. Alcoholic 
silver nitrate from an alcohol solution of the lead compound precipitates 
yellow silver phenyl-silver nitrate. 

Lead triphenyl ethyl , 3 obtained as above, is a solid, M.pt. 42° C., 
giving a colourless, highly refractive liquid ; density 1-5885 at 61° C. ; 
n Ha 1-62628 at 61° C. ; SR H « 22-29. 

Lead diphenyl cyclohexyl methyl is isolated from pure lead 
diphenyl cyclohexyl bromide and an excess of methyl magnesium 
bromide. It is a liquid at ordinary temperatures, miscible with most 
organic solvents and aqueous alcohol. When brominated it is con- 
verted into lead phenyl cyclohexyl methyl bromide. 

Lead phenyl cyclohexyl methyl bromide, obtained as just 
described, is susceptible to light and temperature. It may be crystal- 
lised from benzene, provided the temperature is kept below 70° C., 
small, star-shaped groups of prisms being deposited, which melt with 
complete decomposition at 98° to 94° C. 

Heterocyclic Systems containing Lead* 

By the action of lead diethyl chloride on the magnesium compound 

1 Krause and Sehlottig, Ber 1925, 58 , [B], 427. 

2 Krause and Sehlottig, ibid. 

3 Krause and Schmitz, Ber., 1919, 52 , [B], 2150. 

4 Gruttner and Krause, Ber., 1916, 49 , 2666. 
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of 1 : 5-dibromopentane, lead diethyl cyclopentamethylene is ob- 
tained : 



Like the tin compound, this substance is analogous to the cyclohexanes 
in which a carbon atom is replaced by quadrivalent lead. Molecular 
weight determinations point to the simple formula, C 9 H 20 Pb. It has 
previously been shown that halogens split off alkyl groups from lead 
tetra-alkyls, when the reaction is carried out in dilute solution at —75° C. 
In the case of lead diethylcyclopentamethylene two possibilities occur, 
either a splitting off of the ethyl group and the formation of lead 
ethy Icy clopentam ethylene monohalide, or the partial scission of the 
ring with the formation of lead diethyl-5-halogen-amyl halide, 



Br 

CH 2 .(CH 2 ) 3 .CH 2 Br 


It is found by experiment that the reaction takes the latter course, and 
that the yields are quantitative. The characteristic is emphasised, that 
when we have a smooth addition of halogen, the splitting off of halogen 
hydrocarbons takes place, which is always noticed in the halogenisation 
of lead alkyls. In the preceding compound the carbon-bound halogen 
atom may be directly precipitated by silver nitrate, whilst the lead-bound 
halogen is not. By the action of magnesium ethyl bromide lead tri- 
ethyl-5-halogen amyl is obtained : 



JEt 

CH 2 . ( CH 2 ) 3 . CH 2 Br 


Its halogen is not directly precipitated by silver nitrate, but with 
magnesium powder in ethereal solution it forms the magnesium com- 
pound in 60 per cent, yield. 

By the action of chlorine on lead diethylcyclopentamethylene, lead 
diethyl-5-chloroamyl chloride is formed, and this by the action of 
chlorine at low temperatures has two ethyl groups replaced by chlorine, 
whdst the substituted amyl group remains attached to the lead atom. 
I his is m accordance with the observed fact that the halogen always 
i °^i ^ktest group first. The compound thus obtained, lead 
ethyl- 5 - chlor o amy 1 dichloride, has two chlorine atoms precipitable by 
silver nitrate and not one. By the energetic action of chlorine on lead 
diethylcyclopentamethylene, lead halide, ethyl halide, and dihalogen 
pentane are obtained, showing that the pentamethylene ring has re- 
mained intact. The lead compound in some respects resembles the lead 
tetra-alkyls. 

Lead diethylcyclopentamethylene, Et 2 Pb<(CH 2 ) 5 .— To the mag- 
nesium compound from 100 grams of 1 : 5-dibromopentane (or 65 grams 
j. }, : 5 ;^ lc M° ro pentane) in 500 c.c. of ether, 50 grams of lead diethyl 
* ao n ^ re ad( ? ed * n smad portions, the whole being maintained 
Tk 0 If’ V1 ^?P. Usly 1 stirredj and a stream of nitrogen passed through. 
After the addition the mass is warmed on the water-bath for fifteen 
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minutes, hmimpused with water, the ether layer removed, washed, 
dried, and the solvent distilled off. A colourless oil remains, and this is 
fractionated m a stream of hydrogen under reduced pressure. The 
fraction, too to Uto (‘.at !.'$ mm., is worked down to 109 ° to 111 0 C. at 
m mill., and t Iris yields 40 grams of pure product, U.pt. 11 ]°C. at L‘J mm 
It is a thin, colourless oil, having an odour resembling ketones. It is in- 
soluble in water, sparingly soluble in 00 per cent, alcohol, hut miscible 
with absolute alcohol and most organic solvents. Neutral silver nitrate 
is reduced in the cold, ami when placed on filter paper it in (lames and 
bums briskly, giving fumes of lead oxide. With exclusion of air it may 
he kept toi a month, hut in contact with air it is slowly oxidised, <nvin<* 
a brown resin. ' " 

Lead diethyl -5 -bromoamyl bromide, 


,(LH,),.Br 

LUX 

Mtr 


The above compound is bromiimted at 75" C. in ethereal solution, and 
the product fractionated after drying. It. is a thick, colourless oil. 

Lead trlethyl- 5 -brumoamyl, Kt a IM>(CU a ) 5 ltr. The preceding 
bromide is shaken with magnesium ethyl bromide and boiled for live 
minutes. Treatment in the usual manner gives an oil, lt.pt. 1(50-8° C. 
at 1!! mm. Yield quantitative. It is a colourless, thin oil, having an 
odour resembling the lead alkyls, and is completely stable in air. Treat- 
ment with magnesium powder yields kud trivtiujl u-ami/l , , a compound 
which may also he obtained from magnesium n-nmyl bromide and lead 
triethyl bromide. Lead triethyi u-amyl is a colourless oil of faint, un- 
pleasant smell, lt.pt. 1*21" V. at 15 mm. 

Lead ethyI- 5 -ehloroamyl dichloride. 


LI. I’b- 

% 


a a 


Lead <tirt hy ieyrlopeutamet hylene is chlorinated at; 75 “ (!, in ethyl 
acetate solution, A crystalline powder in obtained which is washed 
with other ami reeryslullised from a little alcohol. It crystallises in 
shining needles, insoluble in ether* 

t ; 5 -BI«-trimelhylpIumbyl-rmpentane% Me ;i Pb,(CII 2 ) fr Pl)Me ;i * 
The magnesium compound from I : 5 -diehloropentane is caused to 
react with lend f mouthy! bromide in ethereal solution, the reaction being 
completed by an hour's w arming on the water* bulla The excess of lead 
trimethyl bromide m removed by shaking tire mass with 20 per cent* 
potassium hydroside ami dilute .sulphuric acid. The ethereal solution 
is then evaporated amt tin* residual oil fractionated under reduced 
pressure. The pure product is a colourless oil. B.pt. 160 * 5 “ C. at 
14 mm. 

Table XXIV, of the Appendix shows the physical constants of the 
above compounds. 


2B 


vm„ xn i n 
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1 t = temper ature at which the refractions were measured, and the next column gives the recalculated densities for this temperature. 

2 Values after Gladstone, Trans. Chem. Soc., 1896, 59, 293, 296 ; the values for the molecular refraction, etc., were calculated from the Lorentz- 
Lorenz formula. 

3 Eor zinc n-propyl isobutyl the values for nH 7 were also made, nH 7 16 ' 8 ° 1*48628, MRh*, 45*386, ARh 7 10*169. 
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ORGANOMETALLIC compounds. 


TABLE IV.— INTERACTION OF THALLIC CHLORIDE 
WITH ORGANOMETALLIC COMPOUNDS. 


1 

Compounds Reacting with 
Thallic Chloride. 

Products of Reaction. 

Mercury di-n-propyl 
Mercury di-isoamyl. 

Tin tetraethyl 

Tin dimethyl diethyl 

Tin triethyl chloride 

Tin triethyl iodide . 

Lead tetraethyl 

Lead triethyl methyl 

Lead triethyl chloride 
Mercury diphenyl . 
Mercury dibenzyl . 
Mercury ethyl benzyl 

Tin tetraphenyl 

Lead tetraphenyl . 

Lead tri-m-xylyl 

Lead diethyl diphenyl 
Lead diphenyl di-a-naph- 
thyl .... 
Triphenylphosphine 

Triphenylarsine 

Tri-m-, tri-p-xylylarsine . 
Triphenylstibine 
Tri-m-xylylstibine . 
Triphenylbismuthine 
Tri-p-tolyl-,tri- a-naphthyl 
bismuthine 

n-Propylmercuric chloride, thallous chloride. 
Isoamylmercuric chloride, thallous chloride. 

Thallium diethyl chloride, tin diethyl dichloride. 

Thallium diethyl chloride, tin dimethyl dichloride, thall- 
ous chloride. 

Tin diethyl dichloride, thallous chloride, ethyl chloride. 

Tin diethyl dichloride, thallium, iodine, iodine mono- 
chloride. 

Lead diethyl dichloride, thallous chloride, butane. 

Lead triethyl chloride, thallous chloride, methyl chloride 
Lead diethyl dichloride, thallous chloride, ethyl chloride. 
Thallium diphenyl chloride, mercuric chloride. 
Benzylmercuric chloride, thallous chloride. 

Ethylmercuric chloride, benzylmercuric chloride, thallous 
chloride. 

Thallium diphenyl chloride, tin triphenyl chloride, tin 
diphenyl hydroxychloride, hydrochloric acid. 

Thallium diphenyl chloride, lead diphenyl dichloride. 

Lead di-m-xylyl dichloride, thallous chloride. 

Thallium diphenyl chloride, lead diethyl dichloride. 
Thallium di- a-naphthyl chloride, lead diphenyl dichloride. 

Triphenylphosphine, thallous chloride, chlorine. 

/ (a) In the cold. Thallous chloride, phenylarsenious 

1 dichloride. 

\ (b) Hot. Triphenylarsine dichloride, thallium diphenyl 
l chloride, thallous chloride. 

Thallous chloride, m-xylyl and p-xylylarsenious dichlorides. 
Triphenylstibine dichloride, thallous chloride. 
Tri-m-xylylstibine dichloride, thallous chloride. 

Thallium diphenyl chloride, diphenylchlorobismuthine. 
Thallium di-p-tolyl chloride, di-p-tolylchlorobismuthine ; 
thallium di- a-naphthyl chloride, di-a-naphthylchloro- 
bismuthine. 




APPENDIX. 


361 




0R< JANOM KTALLU ' COM 1*01 <N i >S. 


H«2 


TABLE VI. REFRACTIVITIES OF SOME SILICON 
COMPOUNDS OF THE TYPE Alk.,Xi.Ar. 


\ 

Substance. 
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(C 2 H f ,) 3 SK’ # n 4 Ct . 

m-tta 
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1 U*2H 
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j 7 i -tti 

j 

1 L7KO S 
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(C a H 5 ) H Si(' 8 II 4 l . 
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ti-t tt> 

;m,hk | 

(i.4' :1 I!.).,SiC tl H»n 


! Hil'Hl 

I 1-KU7 

1 
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Uv subtract iti)' from t !»*••»«• values the atomic equivalents of ntrhim, 
hydrogen, umt halogen, the atomic refraction of the silicon in tin* 
eontpoumis is us follows : 


NuhrtUitw* 
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*>>.„ »,• 

S *«, V : 

(C? a l 1 a )j|SiC gll| * > ■ 

7 ! *V2 
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(b:>n 

{4’ 3 ii ft », f sir #l n 4 a . 

7 *110 

I 7 *7 1 
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u Li:t 1 

o*r»H ; i j 

(1 gl l ?,)aSlI *it 4 Br , 


j 

o tan 

1 0*70*2 | 

(C g H.,} :i Si(\II 4 I , 

| M1H 

OHO 

o:»;j7 

j ib\n\i 

(n-C !1 II s ) 3 SiC ll H 4 (i 

\ H-15 
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8-*2f! 

Mil 

J IMlffll 

f j 


|.Vr HvHiU- 11 , Hrt , t«IA 90, 241 | 



TABLE VIA. PHYSICAL CONSTANTS OF SOME ORGANOSILICON COMPOUNDS. 
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ORGANOMETALLIC COMPOUNDS, 


TABLE VII.— CRYSTALLOGRAPHIC MEASUREMENTS 
OF DIPHENYLSILICANEDIOL. 

System, anorthic. Sub-class, holohedraL 
a: b : c=0*5657 : 1 : 1*700. 

<x=90° 2' ; 0=111° 20' ; y=87° 27'. 

Forms developed: b (010), m (110), /x (110), c (001), t (013), v (116). 


Table of Angles. 


Faces. 

No. of 
Measure- 
ments. 

Angle, Limits. 

Mean 

Value. 

Calculated 

Value. 

010 : 110 

16 

62° 2'-65° 33' 

64° 23' 


110 : 110 

16 

53° 10-55° 52' 

55° 40' 

• * 

llo : 010 

15 

59° 34'— 61° 37' 

60° 51' 

60° 57' 

010 : 001 

22 

89° 52'— 90° 30' 

90° 11' 

• • 

110 : 001 

26 

70° 28-71° 16' 

70° 55' 

70° 56' 

110 : 001 

26 

70° 49'— 71° 57' 

71° 19' 

* * 

010 : 013 

3 

58° 20'— 61° 40' 

60° 31' 

« • 

‘ 110 : 013 

1 

59° 25' 

59° 25' 

60° 1/ 

llo : 013 

1 

88° 38' 

88° 38' 

87° 51' 


The crystals are prismatic in habit. Of the prism faces b, m and /x, 
b and /x are well developed, whilst m is but a small face. The angles of 
the prism zone, namely bm=64° 23', m/x—55 0 40', /xb=60° 57', all 
approximate to 60° and give the crystals a pseudo-hexagonal character. 
The crystals are terminated by three planes at each end. These arc 
c (001), t (013), and v (116). The face c (001) is quite large, whilst t and v 
are tiny bevels on the edges cb and c yJ respectively. The faces t and v 
are very bad ones, particularly the latter, from which no trustworthy 
measurements can be obtained. The faces as a whole are very bad 
from a goniometrical point of view, as may be seen from the range of the 
angles in the preceding. 
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TABLE VIII. CRYSTALLOGRAPHIC MEASUREMENTS 
OK ANHYDROBISDIPHENYLSILICANEDIOL. 

System, tinorthic. Sub-class, holohedral. 
u : l> : c 0-0530 : 1 : 1-808. 
u 02” 28 ' ; /l 118“ W ; y— 86° 24'. 

Forms developed : b (010), m (1 10), /i (110), c (001), q (Oil), s (114). 

Taui.k ok Anouks. 


j Nu, of 

Kami, j Momunv* 
| u jo uf«. 


mo : no 1 to 

l io : l To j 10 

I To ; olo I 10 

010:011 1 -JO 

110:011 ; 21 

HO ; 01 1 | 21 

olo : 001 I 18 

110: out 120 

110:001 | 20 

oil: 001 j 1 1 

110:112 21 

010:112 : 21 

llo : TT2 21 


The b, jo, and /t const it ut.e a prism '/.one; the forms b and in 

arc targe nod /t small. The nobles of the prism '/.one arc : bm 01 30 , 
mil 00 " 58 ', ii, b' 5 ? 20'. They all approach the value 00 , and so the 
crystals are pseudo hexagonal. Of the three terminal forms, c (001 ) is 
much the largest, q and s being small faces on the edges be and in c 
respectively. 
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ORGAN OMET ALLIO COMPOUNDS. 


TABLE IX.— CRYSTALLOGRAPHIC MEASUREMENTS 
OF DIANHYDROTRISDIPHENYLSILICANEDIOL. 

System, anorthic. Sub-class, holohedral, 
a : b : c=0*5068 : 1 : 1-491. 

Forms developed : b (010), m (110), p (110), c (001), r (012), (114). 

Table of Angles. 


Paces. 

No. of 
Measure- 
ments. 

Angle Limits. 

Mean 

Value. 

Calculated 

Value. 

010 : 110 

6 

66° 42-67° 21' 

66° 58' 


110 : 110 

7 

51° 4-52° 4' 

51° 39' 

. . 

110 : 010 

10 

60° 4-61° 53' 

61° 32' 

61° 23' 

010 : 001 

16 

89° 7-90° 51' 

90° 19' 

. . 

110 : 001 

8 

74° 9 '-7 4° 55' 

74° 35' 

74° 34' 

110 : 001 

15 

74° 16'-75° 28' 

75° 1' 

. , 

010 : 012 

1 

54° 42' 

54° 42' 

. . 

110 : 012 

1 

63° 11' 

63° 11' 

63° 11' 

110 : 012 

1 

94° 50' • 

94° 50' 

93° 54' 

010 : 114 

3 

67° 34'- 69° 11' 

68° 36' 

69° 25' 

110 : 114 

3 * 

120° 28'-124° 2' 

122° 47' 

120° 57' 

110 : 114 

3 

103° 44'— 105° 14' 

104° 27' 

103° 0' 


The dominant forms are b (010), [l (HO), and c (001). Many crystals 
are simply four-sided prisms terminated by c planes. The prism face m 
is often missing, and when present it is only small. The face r (012) was 
present on one crystal only. The form /x (1 14) was only developed on 
two crystals, and even then the faces were very poor ones. This accounts 
for divergence between the calculated and measured angles. The 
crystals may be described as short, stumpy prisms. The prism angles 
show some approach to hexagonal development: bm=66° 58', 
m ja=51° 39', p b'=61° 32'. 

If in the crystals of diphenylsilicanediol (see Table VII.) t is given 
the indices (011) instead of (013), then v will become (112) instead of 
(116). The remaining indices would be unchanged. The axial ratios 
would now be 0*5657 : 1 : 0*5666 instead of 0*5657- : 1 : 1*700. 

Similarly if in the crystals of dianhydrotrisdiphenylsilicanediol r is 
made (Oil) instead of (012), then fi would be (112) instead of (114), and 
the remaining indices would be unaltered. The axial ratios would be 
0*5068 : 1 : 0*7455 instead of 0*5068 : 1 : 1*491. 

To bring the axial ratios of the crystals of anhydrobisdiphenyl- 
silicanediol into line, q would have to be made (031) instead of (Oil), 
and the ratios would then be 0*6536 : 1 : 0*6227 instead of 
0*6536 : 1 : 1*868. The indices of s (112) would then become (352). 
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TABLE X. CRYSTALLOGRAPHIC MEASUREMENTS 
OF TRIANHYDROTRISDIPHENYLSILICANEDIOL. 


Sy stem , orth orh ombic. Sub-class, bisphenoidal. 
a : b : c = 0-7750 : 1 : 0-4993. 

Forms developed : a (100), b (010), m (110), p (111). 


Table of Angles. 


Pacos. 

No. of 
Measure- 
ments. 

Angle Limits. 

Mean 

Value. 

Calculated 

Value. 

110 : 010 

19 

89° 50-90° 7' 

90° 0' 

90° 0' 

100 : 1 10 

19 

37° 21'~38° 12' 

37° 48' 

37° 48' 

010 : 110 

19 

51° 55'-52° 29' 

52° 12' 

. . 

100 : in 

17 

59° 54-60° 17' 

60° 7' 

60° 3' 

010 ; 111 

18 

66° 58-67° 27' 

67° 14' 

. . 

no : 111 

16 

50° 34'-51° 13' 

50° 48 

50° 50' 

111 : III 

8 

78° 8'-78° 29' 

78° 15' 

78° 23' 

no : HI 

12 

80° 30'-81° 27' 

81° 3' 

80° 57' 


Hie crystals occur in two well-marked habits. One of these is 
prismatic, a and b being large faces, whilst the m faces are small. In 
other eases the crystals are markedly tetrahedral. 
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TABLE XL CRYSTALLOGRAPHIC MKASt ’HEM ENTS OF 
TETRA-ANIlYDRtrrKTRAKISDIPHKNYLSIIJCJANKnH)!,. 

System, anurthiv, Sttb^rhiss, hnhilmimL 
a ; b : e 0*501 1:1: 0*5770, 
a KM Ml*; fi I OH 52' ; y 00' If. 

Forms observed : u {ll HI), b [010}, e |00l }, Mi film, «j [01 i y J lioj. 
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1 20 
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50 

40* 

50 

OH* 



120 

olo 
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14 

40' 
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14 

5o r 
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010 

001 

1 H 

04 

20’ 

01 

50* 

01 

H7* 
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no 

001 

1 0 ; 

HO' 

MX 

HI 

57* 

8 1 

h* 

80 

*58 

100 

00 1 

n 1 

?tr’ 

nV 

70" 

17* 

70" 

H 



l So 

001 j 

| 1*2 | 

?o w 

*20 # 

■■77** 

18* 

7tr‘ 


70 

57 1 * 

010 

on 



* 



j t 

04 

H* 

no 

01 1 I 

i 


05" 

•27 1 


m ' 

27 1 



100 

01 1 

l 1 


?-r 

tm* 


: 74 

as" 

7 5 

0 

i2o 

on 

1 j 

i 1 


08 

»r 


: 08 ' 

at* 

0*1 ' 
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The ery. stats are flat* almost square, jttiif.es, the jiiiutemd a | IfHi; bem^ 
predominant* and the forms b }0!U| and r |«MII | briun developed, aioiq* I hr 
<*<l»(es of the plates. 
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TABLE XII. — CRYSTALLOGRAPHIG MEASUREMENTS 
OF TRIANHYDROTRISDIBENZYLSILIGANEDIOL, 

System, oblique . Sub-class, holohedral. 
a : b : c=2-797 : 1 : 1*643 ; /3—94 0 38'. 

Forms developed : a {100}, c {001}, in {110}, s {101}, r {101}. 

Table of Angles. 



No. of 




Faces. 

Measure- 

Anglo Limits. 

Mean 

Calculated 


merits. 

Value. 

Value. 

100 ; 101 

9 

59° 20'-60° 11' 

59° 43' 

59° 29' 

101 : 001 

9 

•25° 14'-26° 13' 

25° 38' 

25° 53' 

100 : 001 

9 

85° 2-85° 40' 

85° 22' 

. . 

001 : TOl 

11 

27° 2'-28° 4' 

27° 38' 

27° 47' 

T01 : TOO 

9 

0(5° 31 '-67° 4' 

66° 51' 

. . 

100 : no 

23 

70° 0'~70° 36' 

70° 14' 

70° 16' 

101 : no 

33 

80° 0'~80° 33' 

80° 15' 

80° 3' 

no : TlO 

10 

30° 11 '-39° 43' 

39° 28' 

. . 

001 : no 

42 

88° 13' 88° 54' 

88° 30' 

88° 27' 

101 : 1 10 

•1-7 

96° 59-97° 58' 

97° 33' 

97° 38' 


The crystals are prismatic in habit, being elongated in a direction 
perpendicular to the diad axis. The m faces in general are much 
larger than the a faces. 


TABLE XIII- PHYSICAL CONSTANTS OF TIN 
ALKYLS OF THE TYPE R 3 SnR'. 


Compound. 


Tin triethyl n- propyl 
Tin triothyi isobutyl 
Tin triethyl isoamyl 
Tin ethyl tri - n - 
propyl 

Tin ethyl tri-isobutyl 
Tin tri-n-propyl iso- 
butyl • * 

Tin tri-iso butyl iso- 
amyl * 


Boiling-point. 

° d 

Density. 


Refractive Index. 

nir {1 . 

no. 

ni I/3 . 

nn 7 - 

82/13 aim. 
9(1-5/17 „ 

111/18 „ 

O 20.6 x-1640 

1-40936 

1-47273 

1*48108 

0 C. 

1-48816, at 20-6 

ivao-s 1.3390 

1-46977 

1-47304 

1*48132 

1-48826, „ 20-3 

1 V“- s 1-1203 

1-48917 

1-47243 

1-48050 

1-48739, „ 18-5 

117-5/23 ,, 

125/1(1 „ 

I) ai-B 1-1225 

1-47053 

1-47374 

1-48197 

1-48890, „ 21-8 

15/‘ 1-0779 

1-47053 

1-47371 

1*48167 

1-48830, „ 21 

128/18 „ 

]>/»«•' 1-0841 

1-40929 

1-47245 

1-48042 

1-48711, „ 24-1 

152-9/1(1-5 „ 

!)**••» 1-035(1 

1-40851 

1-47174 

1-47984 

1-48575, „ 26 8 
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TABLE XIV.— PHYSICAL CONSTANTS OF TIN 
ALKYLS OF THE TYPE R 2 SnR' 2 . 


Compound. 

Boiling-point. 

°G 

. Density. 


Refractive Index. 

n V 

n D . 

n v 

“V 

Tin dimethyl di-iso- 
butyl 

85/16 mm. 

D 4 2»-i 1-1X79 

1*46037 

1*46354 

1*47165 

°C. 

1*47851, at 20*1 

Tin diethyl di-iso- 






butyl 

108*2/13 

D 4 20 - j 1-1030 

1*47036 

1*47361 

1*48167 

1*48846, „ 20*4 

Tin diethyl di-iso- 






amyl . 

131/13*5 „ 

D 4 “ 1-0725 

1*46957 

1*47268 

1*48040 

1*48694, „ 19 


TABLE XV.— PHYSICAL CONSTANTS OF TIN 
ALKYLS OF THE TYPE R 2 R'SnX. 


Compound. 

Boiling-point. 

Density. 


Refractive Index. 

0 c. 

nn a . 

ni>. 

nM jS* 


Tin diethyl-n-pro- 
pyl chloride 

108/17 mm. 

D 4 15 -’ 1-3848 

1*50207 

1*50580 

1*51524 

° q 

1*52322, at 15*7* 

Tin diethyl isoamyl 
chloride . 

125-5-126-5/13 „ 

D 4 «-» 1-2994 

1*49443 

1*49805 

1*50687 

1*51443, „ 19*9 

Tin diethyl n-propyl 
bromide . 

112*2/16 „ 

D 4 21 -° 1-5910 

1*51759 

1*52177 

1*53232 

1*54129, „ 21*0 

Tin diethyl isobutyl 
bromide . 

122/17 „ 

D 4 20 -° 1-5108 

1*51194 

1*51586 

1*50609 

1*53464, „ 20*0 

Tin diethyl isoamyl 
bromide . 

137*5/17 „ 

D 4 17 -° 1-4881 

1*51521 

1*51651 

1*52653 

1*53503, „ 17*0 

Tin ethyl di-isobutyl 
bromide . 

130*6/13 „ 

D 4 18 - 6 1-4085 

1*50452 

1*50837 

1*51799 

1*52609, „ 19*5 

Tin ethyl di-isoamyl 
bromide . 

154-155/16 „ 

D 4 2 »-o 1-3650 

1*50263 

1*50631 

1*51562 

1*52347, „ 20*0 
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TABLE XVIII.— PHYSICAL CONSTANTS OF HETEROCYCLIC TIN COMPOUNDS. 
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Lead triethyl a-naphthyl splits off naphthalene at its boiling-point. 
Lead trimethyl benzyl boils at 124° C, with much decomposition. 
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II nekton l, 270, 271, 282, 283. 
linger, 4, 5, 39. 

Halhvachs, 12, 232. 

Hamilton, 78, 93. 

Hammond, 100. 

Hnnee, 291, 292. 

B aide, 104. 

Hansen, 221, H*I7. 

Hannon, 205. 

Hftiitwjoh, 53, 50, 144, 140, 198. 
11 union, 208. 

Hurt.* 158, 254, 

Hart wig, 13, 221, 237, 
HitHenbiiumer, 77. 

Hanne, 17, 19. 

Heidellterger, 1 13, 129, 205. 

Hein, 13, 34, 73, 78, 80, 81, 122. 
Heller, 304, 312. 

Mellon, 04. 

Henrv, 22 24, 45. 

Henry, T. A., 152, 153, 192-195. 


Herman, 20. 

Herrera, 217. 

Herrmann, 141. 

Hetimann, 70, 87. 

Heuter, 104, 108, 171. 

Hill, 42 44. 

Hil|K‘H, 5, 12-14, Hi, 2(i, 28, 21-23, 40, 41, 
70. 77, 85, 80, 88, 1)2, 1)4, DO, 208, 


234. 


HiiiHbttrg, 21. 

Hiiwlift'iilur, 158. 

{{jortUithl, 205. 200, 208-210. 

Holwon, 17, 20. 
iiiM'hwaltr, 221). 
lltidgHon, 144. 

Hofmitim, 45, ”'18 -50, 52-54, 60, 02, 64, ISO- 
182, 184-188, 190. 
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Holtz, 4, 5, 6. 

Holzmann, 32. 

Howard, 31. 

Ipatiew, 16. 

Jacobs, 113, 129, 205. 

Jacobsohn, 118, 121, 123, 124. 

Jacobson, 80, 81. 

Japp, 23. 

Jenkins, 233. 

Jensen, 74, 84. 

Job, 25. 

Johnson, 188, 189. 

Jolibois, 333. 

Jones, 32, 34, 38, 79, 80, 95. 

Jurgens, 105. 

Kahlfttss, 19. 

Halle, 23. 

Kaulfuss, 16. 

Kawamura, 3, 6, 8. 

Keiser, 181. 

Kekule, 76, 87. 

Kelbe, 82. 

Kenner, 106. 

Kharasch, 63, 64, 75, 78, 79, 80, 86, 88, 
104, 105, 118, 121, 123-125, 147, 156, 
159, 206. 

Khotinsky, 93, 95, 219, 223, 225, 226, 229, 
284. 

Kipping, 248, 250, 254, 258, 262-272, 275, 
278-285, 287-290, 307, 318, 320, 323, 

325. 

Kirmreuther, 188, 190. 

Klein, 131. 

Klippel, 336, 338. 

Klug, 183. 

Kochlin, 76, 87. 

Koten, 42, 94, 190. 

Kothner, 187. 

Krafft, 77. 

Krassowski, 13, 33. 

Kraus, 3, 6, 8, 31, 266, 294-297, 304, 305, 
313-315,321,328. 

Krause, 9, 12, 13, 27, 31, 34, 219-221, 224- 
229, 231, 233, 235, 242, 243, 263, 291, 
302-305, 307, 308, 311, 317, 318, 321- 
323, 325-327, 329, 333-338, 341-345, 
348, 350, 351. 

Knlmiz, 306. 

Kunz, 79, 93, 94. 

Kursanov, 96. 

Kutscheroff, 54, 187. 

Lachmakn, 16, 18, 22, 23, 25, 292. 

La Coste, 35, 77. 

Ladenburg, 13, 17, 23, 73, 77, 79, 87, 250, 
251, 253-259, 283, 266, 268, 269, 279, 
283, 284, 301, 304-306, 309, 314, 321, 

326. 

Landolt, 32. 

Lang, 22. 

Lasserre, 53, 54, 57. 

Laubengayer, 291. 

Lavroff, 11. 


Law, 320, 327. 

Lawrance, 13, 21, 301, 333. 

Le Comte, 181. 

Lederer, 342. 

Lelmardt, 308, 311, 312. 

Leone, 233. 

Letts, 26, 301, 302. 

Leuek, 205. 

Ley, 40, 64, 67. 

Leys, 53, 155. 

Liese, 173. 

Link, 77. 

Linnemann, 33, 44. 

Lippmann, 34, 42. 

Lloyd, 250, 266, 272, 279, 284. 

Lolir, 12, 13, 15, 16, 27, 32, 33, 36. 

Loloff, 142. 

Lommen, 118. 

Louise, 37, 232, 233. 

Lowig, 309, 313, 336. 

Luff, 267, 271, 280, 281. 

Lwow, 17, 21. 

Lyons, 77. 

M c Clelafd, 74, 80. 

JVPEwen, 188, 189. 

Maguire, 181. 

Mahrlein, 190. 

Mameli, 140, 149, 151, 152, 154. 
Mameli-Mannessier, 151. 

Mamlock, 22. 

Manchot, 58, 142, 150, 164, 155, 183, 184, 
186, 189, 190. 

Marcus, 3, 6, 8. 

Mark, 7. 

Marker, 86. 

Markownikoff, 24. 

Marquardt, 13, 24, 25, 37, 38. 

Marsden, 262-264, 269, 280. 

Marsh, 54, 196, 198. 

Martin, 254, 258, 266, 269, 272, 284. 
Marvel, 4, 5, 31, 34, 36, 37, 39, 40, 43, 44 
178. 

Maschmann, 149, 176. 

Matsumiya, 96. 

Matthews, 31. 

Maynard, 31, 39, 41, 72, 90, 91. 

Meads, 268, 283. 

Melamed, 93, 95, 219, 223, 225, 229, 231. 
Melser, 252, 254, 256, 259, 269, 283, 284. 
Merck, 151. 

Meves, 62. 

Meyer, V., 20, 221, 235, 237, 311. 

Meyer, 235, 333. 

Michael, 25, 26, 64. 

Michaelis, 35, 73, 76-82, 87, 92, 93, 95, 121, 
122, 141, 143, 225, 227, 228, 229. 
Michetti, 117. 

Middleton, 139-141, 143, 192, 196. 

Midgley, 339. 

Miller, 23. 

Mills, 215. 

Mitchell, 203, 204. 

Moller, 335, 338, 343. 

Moore, 22. 

Morgan, 294-297. ' 
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Morguimw, 13, 303, 

Maries, HI, 90, 

Muller, 32, 

Mumm, I HO, 1H7. 

.Murray, 207. 

Ner, ISO, 

Xicnwktmi. t s I , 

Ntidifimudr, II 
Nitsehe, ^ til, 221 220, 

Nurmaitd, ,131, 

Nyberg, 03, 

Ums d 

ndliug. 13* 31, 212 , 

Hitw-u MundalU, |02, 210, 

Uppuihrim* II, III, 01, 172, 

I 11, 

OmtlMill, 202 202, 207, 208, 

I If t « *, 112, 31, 1 1 , 12, 73, 71 70, 70, HI, 87 Ml, 
03, Oil, 07. 

IAu»*;UJ, 210, 

RnMim, M3, III* 111, 133, 138, 200, 
fMfn UK 23, 21, 230, 231, 233, 233, 237, 
IMtrruA, 21, 22. 
hiulntt, IT, 18, 22, 23. 

IVuohey. 13, 301, 303, 307, 308, 31 1 * 312. 
fVhil. 10, 

IV rut Miter* 21, 
iVrJiiu, 181, 

l*rm-K 73 73, 01, 112, H3, 110, 120 121, 
1 20, 131, 132, 102 101. 

IVOi'iu 77, 78, Hi, 88, 03, 108, 
tVttrriwu, 02, 

VU tilrr. 73, 301, 3 oh 313, 310, 323, 333, 
333 338, 310, 1113, 313. 

123, 200. 

1 V« mini, 112, 124, 
iOt’iiufts n. 

IMofiid, 12*1. 

IlimpEm, 181, 

1 8*1* In ml , 317, 323, 323, 327, 330, 311. 
IMeek* 180, 

I 230, 202, 200, 207, 200, 310, 330, 340, 
313 317, 

IVm/in, 23, 37, 

l‘M|«u 4, 0, 13, 70, 01, 301, 303* 307, 308, 
311, 312, 
lVp|« r, 23, 

I*rager, 03, 

OiMaknunaiofil Ml MO, 130, 108, 201. 
iVitwOft, 123. 

1‘urvis 74, 80, 

KH tst kk 232, 

Hamnkiihh*, 121, Ml. 

RsiefyV, 281, 
tin fl*.!, 123. 

IMgimin, 24. 

IUmm, Ml MO, 130, 108, 201, 

!t*thk»% 10, 
ltre#r* 73, 88, 

HMuh, 0, 23. 

Ui*ifikM*<r, 180. 


Reissaus, 344, 348, 350. 

Reinsert, 106. 

Reitzenstein, 112-114, 131, 139. 

Helming, 284. 

Renshaw, 17. 

Renwanz, 318, 341. 

Hotter, 31, 34, 73, 78, 80, 81, 122. 
Reynolds, 51, 57. 

Reynoso, 47. 

Richter, 227, 228. 

Eicth, 19, 21. 

Robinson, 319-321, 340. 

Robison, 258, 268, 270, 275. 

Rainier, 88, 91, 142. 

Roman, 215. 

Rosen, 266. 

Rosenthaler, 68. 

Rossi, 125, 129, 133. 

Rother, 129. 

Roux, 37, 232, 233. 

Rugheitner, 314. 

Rupp, Ml, 151, 167. 

Ruapaggiari, 112, 124. 

Sachs, 88, 89, 162 465, 213. 

Saizew, 21. 

Sa kauri, 40, 45, 46. 

Sand, 50, 52, 55, 57, 59, 60, 103, 180, 181, 
183-185, 201-203, 287. 

Sand born, 177. 

Snyt/elT, 190. 

Sehafarik, 12, 13, 232. 

Scherer, 13, 316, 322, 324, 326, 328. 
Seblenk, 3 -8, 33, 122, 284, 

Sebldttig, 342, 351. 

Schmitt, 20. 

Schmitz, 317, 318, 341, 343, 345, 348, 350, 
351. 

Schnurmann, 301, 302, 316, 323. 

Sehoeller, 58, 59, 65, 66, 126, 129, 164, 171, 
173, 177, 184, 

Scholl, 63. 

Sobon, 19, 

Schorigin, 5, 33, 35, 38. 

Sehorlemmor, 34, 42. 

Schrauth, 58, 59, 05, 06, 126, 129, 164, 171, 
173, 177, 184, 210. 

Sehrdeder, 39, 41. 

Schtscherbakoll, 24, 36, 37. 

Rehulemann, 132, 133, 158, 178. 

Schulte, 35, 

Sohultzo, 82. 

Schulze, 11, 12, 14 46. 

Schwalbe, 101. 

Scliwarze, 77, 87. 

Seidel, 32, 35, 39, 41. 

Seiler, 190. 

Sell, 34, 42, 

Selmi, 47. 

Serogenkof, 284. 

Sessions, 304, 314. 

Sharp, 152, 153, 192 195, 

Singer, 59, 60, 181, 183, 20M203. 

Smith, 37. 

Smith, 0., 203, 204. 

Smith, H., 307, 318, 320, 323, 325. 
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Sneed, 39, 41. 

Sobero, 47. 

Soderback, 74, 89. 

Sperry, 215. 

Ssimonowitsch, 16, 19. 

Ssokoloff, 25, 37. 

Stamm, 113, 131. 

Stavelcy, 63, 64. 

Steinkopf, 42, 63, 74, 75, 82-84, 86-89, 94, 
96-101, 222. 

Stock, 223, 224. 

Stoehr, 50, 52, 183. 

Strecker, 40, 42, 309. 

Strnensee, 177. 

Snida, 35, 42, 76. 


Tabern, 292-295, 297, 298. 

Tafel, 37, 38, 43, 335. 

Tartarini, 132. 

Tanrke, 250, 251, 253, 256. 
von Than, 45. 

Thiele, 190. 

Thomas, 234. 

Thummel, 186. 

Thurman, 78, 79, 93. 

Tiffeneau, 81, 95, 96. 

Tolkatschew, 18. 

Travers, 181. 

Tribe, 18, 24. 

Truslder, 73, 333, 336, 337, 340, 345. 


Uthemann, 191. 


Vecchiotti, 112, 116-118, 130, 131. 
Vila, 146, 147. 


Volhard, 97, 99. 

Vyle, 268. 

Wag a, 16. 

Wagler, 34, 73, 78, 80, 81, 122. 

Wagner, 21, 22, 24. 

Walden, 34. 

Wanldyn, 5, 16, 20, 21, 27, 45. 

Wayler, 31. 

Weehuizen, 192. 

Weller, 80, 95. 

Wendt, 9, 12, 220, 233. 

Werner, 22, 23, 32, 34, 40, 79, 80, 95, 309. 
White, 207. 

Whitmore, 78, 79, 93, 108, 122, 134, 139- 
141, 143, 162, 164, 192, 205. 

Wibaut, 105. 

Wichelhaus, 13, 19. 

Widdowson, 254. 

Wilcox, 23. 

Willgcrodt, 35, 41, 76, 87, 88. 

Winkler, 13, 292, 293. 

Wisehin, 20. 

Witt, 59. 

Wolff, 79, 95. 

Wolffenstein, 22. 

Woodward, 162, 164. 

Worobjeff, 16. 

Wrenshall, 68. 

Wunstorf, 168. 

Wurtz, 21, 74, 79. 

Zeohmeister, 340, 346, 347. 

Zeidler, 223, 224. 

Zeiser, 36, 79. 

Zelinsky, 26. 

Zinin, 44. 


SUBJECT INDEX. 


s is arranged under headings of elements placed in their order of 
Periodic Classification. Where more than one reference is given those 
lies indicate where the preparation and properties of the compound in 
found. 


Lithium . 

soamyl, 5. 

-butyl, 4. 
sthyl, 3, 4. 
nethyl, 3, 4. 
phenyl, 3, 5. 
jriphenylmethyl, 5. 

Sodium. 

oamyl, 38. 

- anisyl- biphcnylene- methyl, 8. 
enzyl, 6. 

iphenylene-phenyl-methyl, 7. 
i-biphenylyl-a-naphthyl-methyl, 7. 
bhyl, 5 , 35. 
icthyl, 5, 33. 
henyl, 6. 

henyl-biphenylyl-a-naphthyl-methyl, 7. 
riphenylmethyl, 3, 6. 


Potassium . 

i triphenylmethyl, 8. 


Rubidium . 

i ethyl, 8. 

triphenylmethyl, 8. 

C cesium. 

thyl, 8. 

riphenylmethyl, 9. 

Copper. 

phenyl, 3, 9. 

Silver. 


myl, 4, 9. 

„ , compound with silver nitrate, 319, 351 , 


Gold . 

liethylauric bromide, 10. 
me bromide, 3, 9. 
ic dibromide, 10. 

' Calcium .. 

organic complexes of, 11. 

Beryllium . 

a n- butyl iodide, 15. 
di-w-butyl, 15. 
diethyl, 11, 14, 36. 

: I. 
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Beryllium dimethyl, 12, 14 . 

„ diphenyl, 15. 

„ dipropyl, 11, 15 , 37. 

„ di-$-tolyl, 15. 

„ ethyl bromide, 15. 

„ „ chloride, 15. 

„ „ iodide, 15. 

,, methyl iodide, 12, 14, 15 . 

„ phenyl iodide, 12, 15 . 

Magnesium. 

Magnesium diethyl, 12, 16 , 36. 

„ dimethyl, 15 , 33. 

„ diphenyl, 12, 16 , 76. 

„ dipropyl, 16. 

Zinc. 

Zinc di-isoamyl, 12, 25 , 38. 

» „ , physical constants of, 357. 

„ di-isobutyl, 24. 

>, „ , physical constants of, 357. 

Zinc diethyl, 8, 18 , 19 , 20, 25, 26, 29, 33, 36, 221, 224, 237, 250, 251, 255-257 259 
263, 292, 301, 302, 332, 333. ’ 

„ „ , reactions of, 20-23. 

„ „ , physical constants of, 357. 

„ dimethyl, 12, 16 , 17 , 21, 25, 27, 31, 33, 223, 248, 258, 303, 333. 

„ „ , reactions of, 17, 18. 

„ diphenyl, 13, 26 , 76, 316. 

„ dipropyl, 23 , 37, 250, 302. 

„ „ , physical constants of, 357. 

„ di-isopropyl, 24. 

„ ethylate, 18. 

„ ethyl isobutyl, 357. 

„ ethyl iodide, 25. 

„ „ w-propyl, 357. 

„ ethyl trichloroethylate, 26. 

„ methylate, 17. 

„ methyl ethylate, 18, 25 . 

„ „ iodide, 16. 

„ „ methylate, 17, 25 . 

„ isopropyl isoamyl, 357. 

„ ^-propyl isobutyl, 357. 

„ isopropyl iodide, 26. 


Cadmium. 

Cadmium di-isoamyl, 28 , 358 , 359 . 

„ di-w-butyl, 28 , 358 , 359 . 

„ di-isobutyl, 28 , 358 , 359 . 

„ diethyl, 27 , 36, 358 , 359 . 

„ dimethyl, 27 , 358 , 359 . 

„ diphenyl, 14, 28 , 76. 

„ di-%-propyl, 28 , 358 , 359 . 

Mercury. 

Acetaldehyde, mercuration of, 47. 
m-Acetaminobenzoic acid, mercuration of 172 

Chl0 ’ ride;hydr0Xid0 ' 8ul P hate ’ 1U ' 125 - 

Acetic acid, „ „ , 58. 

„ acids, substituted, mercuration of, 64. 

Acetone, reaction with mercuric cyanide, 54. 

, ” | „ acetate, 55. 

Acetophenone, mercuration of, 196. 

Aceto-diethyl-methyl-mercuric chloride, 65.. 
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Aceto- dimethyl- methyl- mercuric chloride, 65. 

Acet oxy mercuri- acet o -o- toluidide ,130. 

9» >» „ , 131. 

>> »» »> > 131. 

„ „ -acetylanthranilie methyl ester, chloride, 170, 171. 

,, „ -jp-aminobenzoic ethyl ester, chloride, sulphide, 164, 174, 175. 

,, „ „ „ „ „ „ , mercuric acetate salt of, 174. 

2- „ „ ^-isoamylphenol, 153. 

p~ ,, „ aniline, compounds from diazotised, 205. 

o- ,, „ anisole, 141 , 142. 

P- „ „ „ ,141,142. 

„ „ -anthranilic methyl ester, 169. 

„ „ -benzeneazo- 2 >-cresol, chloride, 204. 

8(?)- „ „ -/?-benzeneazo-a-naphthol, 204. 

4 -p- „ „ benzeneazo-l-naphthylamine-5-sulphonic acid, 205. 

„ „ „ -o-nitrophenol, bromide, 204. 

p - „ „ „ -phenol, 205. 

p - „ „ „ -resorcinol, 205. 

3(?)- ,, „ -benzidine, hydrochloride, 132. 

,, „ -6is-benzeneazo-a-naphthol, 204. 

,, „ -p-bromodimethylaniline, 111, 122. 

a- ,, „ -/?-i*‘obutoxy-]5-phenylpropionic methyl ester, anhydride, 178. 

2- ,, „ -^-te'/l-butylphenol, 153. 

,, „ carvacrol, 152. 

2- ,, „ - 33 -chloroacetanilide, 120. 

o- „ „ -p-chloroaniline, acetyl derivative, hydroxide, cliloride, 118. 

p- ,, „ -o- „ „ , hydroxide, acetyl derivative, 117. 

o- „ „ -p-cresol, 137, 150. 

4- „ „ -o-cresol, chloride, nitrate, 149. 

0" ,, ,, j, ,, ,, 5, , 149. 

4- „ „ -3-diacetoxymercuriphenyl-5-pyrazolone, dichloride, 213. 

p - „ „ -diacetyl-o-nitraniline and acetyl derivative, 119. 

6- ,, „ -2 : 4-dichloroaniline, acetyl derivative, chloride, hydroxide, 111, 

118. 



„ 4'-diethylaminoazobenzene, 205. 

„ -m-dimethylaminoanisole hydrochloride, 147. 

„ 4'-dimethylaminoazobenzene, 205. 

„ -m-dimethylaminophenol, 147. 

„ -m-dimethylaminophenyl acetate, 137, 147. 

„ -dimethylanthranilic methyl ester, chloride, bromide, iodide, 172. 

„ -dimethyl ether, chloride, 184. 

„ dimethyl-^-toluidine, chloride, bromide, iodide, hydroxide, nitrate, 
132. 

„ -diphenylamine, chloride, hydroxide, 125. 

„ - /3-ethoxy- ^-phenylpropionic methyl ester, chloride, bromide, 

iodide, internal anhydride, 177. 

„ - /5-ethoxy- ^-phenylpropiophenone, 196. 

„ -ethylanthranilic ethyl ester, methyl ester, 172. 

„ -ethylmethyl ether, 58, 184. 

„ formic ethyl ester and derivatives, 58. 

„ „ methyl „ „ „ , 58. 

„ -3-hydroxybenzaldehyde, 193. 

„ -/?-hydroxy succinic acid, derivative of, 67. 

„ -4-hydroxy-2-methyl-5-i.s‘opropyl-benzaldehyde, 152. 

„ -3-hydroxy -tetrahydronaphthalene, 103. 

„ -o-iodoaniiine, hydroxide, iodide, 118. 

99 99 „ , acetyl derivative, 118. 

-6-iodothymol, chloride, bromide, oxide, 152. 

„ -d-methoxy-/?-phenyl-p-chloropropiophenone, 197. 

- /?-phenylpropionic ethyl ester, benzyl ester, 178. 

' , Z-menthyl ester, chloride, bromide, 

” ” ” 178. 

methyl ester, chloride, bromide, 
” ” iodide, 177. 

„ „ „ -/i-phenylpropiophenone, 196. 

„ methylanthranilic methyl ester, chloride, bromide, iodide, 171. 
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« 


SI- 

fh 

5. 


tl 


, i»i*|}4iiit*\ 747, 74 2, 
« . 142, 


m^AmiUMirii/Mir Ai’iiJ, i***’fm*rv . 4 , | 72 , 

7 1 ,.m .» »* t mill rnmniry il*’ri%*it*vi*n *4, 7iM 7;#* 

Aiiiifiuiiirthiitm ilitmliihitnit* until, nirtinirnSpm »»l, «H4 X 
Amiimplii'iiufH, luniruntttMfi uf, I it, 

** Aiiiiitttphnttyhiinrt'uriit Ai^Uttti, UK, I if ! , 

<# “ •» *» »* * iwjutyl tkirivutivp, till, 
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i mi- 
# t»< 
krt w > 
mi 
t*n< 
im 
4 i ft 
2 : » 


Ammophenylmereurie acetate, condensation with dinitrophenylpyridinium chloride, 

_ /N iW 

»H ** % *'***% *#*«**« 

»* - ** , ueetyl derivative, 112. 

** ** »* > condemnation with dinikmphenylpyridimum chloride 

uml propargyl acetal, 113, 114. 
t Amihophenylmcrcuric chloride, //<5, 1 10, 222. 

»» »* « * condensation products, 115 , 116. 

„ », hydroxide and salts, //•/ //6‘. 

„ ,, thiosulphate, lift, /id. 

Ammophenyl4rimethyiummomum chloride, mensuration of, 149, 

Amyhmeiviene, merutiratinn of, 188. 

Amyl alcohol, », ,,,47. 

Amyl hydroxy mereurioci nit ro -acetate anhydride, (54. 

Amylmcreurie bromide, 44. 

„ l „ „ , 90 , 4 k 

** v» chloride* 28, 44, 87, 2(50. 

,, ,, iodide, 28, 44* 

Amylphenol, mereuration of, 159, 

Anhydro 9 neetoxymereuri fehydroxynuueuri4diydroxybemaldehyde, 194. 

„ *2 *. 0 dih> itr»*xyiuercurt 4*iiitr<>‘2*-hy(ln>xylMm'/Ialdidiy(le, 195. 

„ 2 hydroxy 2 hytlroxy menntri-5-m(d.hylaKoh(Ui7.cnc-2'-oarboxylio acid, 206. 

»* *f ** >* »» »» •» -4 •• ,, ,, , 206. 

M n hydroxy mertmrilKm/.oyi acetic acid, 69. 

m ■« *■ hy * in * x y me re u ri . a • hy d n my n usthy I succinic acid, derivatives of, 67. 

Anilines, halugmated, mereuration of, 117. 
a Amlido fatty aetd« and esters, mereuration of, 126, 

Attitude, mereuration of, 127, 14 L 
Atwylmdole, mereuration of, 214. 
jeAowylmereurio chloride, 87, I KK 220, 

|i« w oxide, 142. 

Anlhrafulie esters, mereuration of, 160, 163-171. 

Apiol, mereuration of, 197* 155. 
t*i«Apmi» u of* 127. 

Aromatic acids, mereuration of, 100. 

„ nit ro compounds, mereuration of, 404 103, 

„ mdphotne acids, „ „ , 103, 100 . 

Aryl hydroxy fatty acids, „ „ , 68 . 

Aryloxy*fti.Uy itcttia* *,*191. 

Aw* compounds, meivurat* d, 203 205, 

Uidieimhe eaters, mercnmtmu of, 68. 

Ihm/alacetophentuie, „ ,* , 196, 

ihmwmeawiphetioi, „ ,, » 202, 

lt<Ui/eiiea/o p ereaol, „ ,, * 204. 

Benwme rmlphonie acid, mercumtion of, 100. 

fh-iv/idene, ' » M » i:t 2. 

fhutwdts acid, .* M » 1(50, 162, 

Ueiitmphetiotie, „ „ , 197, 

iNr/oylaretie ae*d, •» ***62. 

f»4hu*w{yiatrdnol«ur/oic acid, meieurntion of* 172, 
thmwiyl methyl mercuric chloride, 69. 
p Ihui/ydtuninophenUmeieuric acetate, chloride, hydroxide, nitrate, 124. 
Il4*ir/,ykmiim% merrnmtmu of, 124, 

Bet*t(\Imei curio acetate, 9m 

J „ bromide, iodide, 86, 05, 

„ „ chloride, 80, 8ft, 87, 04, 

*, », cyanide* 94 

M „ ethyl xanthatc, 191. 

iteimyl mercury r**m pound*, 79, 80, 94, 05. 

;* f timer n uriamlme, 222, 

f#Jtr«m*ulimcthvi*t«tlfnc, menmrathm of. 111* (22, 

4 Hroiito 4 hydroxy 2 aeetoxynmrfn*ri44ri<met(*xymctc.uriplmnyl-2 : 9*dimethyb5« 

pyra'/oione, chloride* hydroxide, 212, 

Itroruotnenairt acetic acid* 58. 

*#> Ilfoinomcrcuri lww,oj*henoue f 1 98. 

5 . st ,, «% hronifAhiaphcnti, 99. 
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ORGANOMETALLIC COMPOUNDS. 


tso- 

sec.- 


tert - 


a-Bromomercuri camphor, iodide, 200. 

5- „ „ -2-chlorothiophene, 99. 

5- „ „ -2 : 4-diphenyl- selenophene, 217. 

-^-ethoxy- /5-phenylpropiophenone, 197. 

-ethyl methyl ether, chloride, iodide, sulphide, 184. 
-3-hydroxy-tetrahydronaphthalene, 103. 

-2-iodothiophene, 99. 

- /?-methoxy- /?-phenylpropiophenone, 197. 
methyl-4-bromo-l : 2-dihydrobenzofurane, 216. 
-2-methylthiophene, 101. 

-2-nitrotoluene, 107. 
thiophene, 98. 

4- Br omo- 1 -phenyl-2 : 3-dimethyl-5-pyrazolone, mercuration of, 212. 
o-Bromophenylmercuric acetate, chloride, 104. 

„ „ , 104.. 

J P~ 99 39 99 » , 104. 

Butanol mercuric chloride, bromide, 185. 

Butene mercuric iodide, 185. 
tert. - Butylacetylene, mercuration of, 188. 

Isobutylene, interaction with mercuric salts, 185. 
iso- Butyl hy dr oxymercuri- aci-nitro- acetate anhydride, 64. 

%-Butylmer curie bromide, iodide, 43. 

chloride, 45, 87. 
ethyl xanthate, 191. 
hydroxide and salts, 43. 
chloride, 43. 
bromide, 30, 43. 
iodide, 38, 43. 
bromide, 30, 43. 
tert.- Butylphenol, mercuration of, 153. 

Camphene, mercuration of, 200. 

Camphor, „ 198-200. 

Camphor carboxylic acid, mercuration of, 200. 

Cane sugar, mercuration of, 47, 50. 

Cellulose, ^ „ „ , 47. 

Carbon disulphide, reaction with alkyl or aryl mercuric hydroxides, 190. 
Carvacrol, mercuration of, 137, 152. 

Carvacrolaldehyde, mercuration of, 152. 

Chaulmoogric acid, „ „ , 68. 

5- Chloro-4-acetoxymercuri- 1 -phenyl-3-methylpyrazolone, dichloride, 213. 
o-Chloroaniline, mercuration of, 117. 

» » » ,,,118. 

P- >» 99 39 „ , 118. 

Chloratodimercuracetaldehyde, 53. 

Chloratotrimercuriacetaldehyde, 53, 187. 

Chloromercuri-aceto-o-toluidide, 130. 

2-Chloromercuri-2-acetyl-indandione, 198. 

-jp-aminobenzoic acid, 174. 
amyloxy-dicyclopentadiene, 190. 

-2-isoamylthiophene, 100. 
anisole, bromide, 141 ; iodide, 137. 

„ , 137, 142 ; bromide, iodide, 142. 

-anthranilic methyl ester, 169 ; bromide, iodide, 170. 
benzoic acid, sodium salt, 161, 163. 

„ „ , 161, 162, 163, 164; bromide, iodide, 163, 164. 

„ ,, , acid chloride, w-butyl ester, 164. 

benzoic methyl ester, 162, 164. 
benzophenone, 197. 
benzoyl chloride, 162, 164, 165. 

-2- benzylthiophene, 70, 83, 101. 

~P~ bromodime thylaniline, bromide, formate, hydroxide, 
thiocyanate, 123. 

-2- bromothiophene, bromide, iodide, 99. 
camphor, 199. 

-2-carbethoxy-indandione, 198. 

-2-carboxyl-thiophene, 99. 


5 - 

o- 

P- 

0 - 

p- 

p- 

o- 

0- 

0- 

5- 

0 - 

5- 

a- 

2 - 

5- 
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^-Chloromercuri-o-chloroaniline, 119. 

0- »» >> ~p~ ,, ,, , 118. 

5- „ », -2-chlorothiophene, bromide, iodide, 98. 

„ „ -p-cresol, 137, 150. 

,7 „ „ „ , benzoyl derivative, iodide, 150. 

», „ „ methyl ether, 151. 

6- „ ,, -2 : 4-dichloroaniline and acetyl derivative, 118. 

3- 3, -2 : 5-dimethylthiophene, 70, 84, 102, 

2- 79 97 -3 : 4- ,, ,, , 102. 

5" 77 j> -2 : 3- ,, ,, , 102. 

5- „ „ -2 : 4- „ „ , 102. 

5- ,3 -2 : 4-diphenyl-selenophene, 217. 

3- „ „ -2 5- „ thiophene, 103. 

„ „ ethoxy dicylopentadiene, 190. 

5- „ ,3 -2-ethylthiophene, 101. 

3- ,3 33 -2-hydroxy-2 : 3 -dihydro-2 : 5-dimethylthiophene mercuric chloride, 

101. 

5- „ „ -4-hydroxy-4 : 5-dihydro-2 : 4- „ „ 33 33 

102. 

5- ,3 33 -4-hydroxy-3-methyl-6-isopropylbenzaldehyde, acetate, 153. 

3- 33 33 -m-hydroxyphenyl-trimethylammonium anhydride, 148. 

3- „ ,» -p- „ „ ,» „ acetate, 148. 

2- 3, indandione, 198. 

2- 33 3, -5-iodothiophene, 83. 

5- 3, „ -2- „ „ , bromide, iodide, 99. 

3- „ „ -4-methoxy-l-dichloromercuriphenyl-2 : 3-dimethyl-5-pyrazolone, 

211. 

3- „ ,3 -4-methoxy-l-dichloromercuriphenyl-3-methyl-2-ethyl-5- „ 

211. 

„ „ methoxy dicyclopentadiene, 190. 

1- Chloromercurimethyl-4-bromo-l : 2-dihydrobenzofurane, 216. 

1- „ „ -6-carbomethoxy-l : 2-dihydrobenzofurane, 216. 

1- „ „ -4-carboxy-l : 2- „ „ , 216. 

1- 33 33 "6" >3 1:2- „ 3 3 3 216. 

1- „ „ -4-carboxy vinylene- 1 : 2- „ „ , 216. 

(Chloromercuri methyl)-ethyl phenyl carbinol, 196. 
l-Chloromercurimethyl-6-methyl-l : 2-dihydrobenzofurane, 216. 

216. 

216. 


195. 

195. 


1- 

33 

33 

-5- „ „ 

33 33 

1- 

33 

33 

-4- 

. 33 33 

?- 

33 

33 

-2-methyl thiophene, 99. 

?- 

33 

33 

-3- „ 

„ 3 99. 

1- 



-jft-naphthol, 158. 

5- 

33 

,, 

-3-nitro-4-hydroxybenzaldehyde. 


33 

33 

-4- „ -3- 

33 33 


33 

33 

-2- „ -3- 

33 33 

4- 

33 

33 

-2-nitrophenol, 144. 

2- 


33 

-4- 

, 145. 

6- 

3 

33 

-2- 

, 145. 

4- 


33 

-2-nitroresorcinol,“ 156. 

3- 


33 

-5-nitrosalicylal aniline, 193. 

3- 

33 


-5-nitrosalicylic acid, 168. 

4- 

33 

33 

-2-nitrotoluene, 107. 

6- 

33 

33 

"2- 77 77 

, 107. 

5- 

33 

33 

-2- „ 

, 107. 

5- 


33 

-3- „ „ 

, 108. 

4- 

33 

33 

-3- „ „ 

, 108. 

6- 



-3- „ „ 

, 108. 

2- 


33 

”4- ,, 77 

, 108. 

3- 

33 

3 J 

-4- „ „ 

, 108. 


#>- Chloromercuri phenetole, iodide, 
o-Chloromercuri phenol, 137, 139 , 140, 141. 

i9 „ „ , acetyl derivative, 139. 

99 ,, „ , sodium salt, 137, 140. 

(2-Chloromercuriphenyl-a-amino) propionic ethyl ester, 127. 

2- Chloromercuriphenylgly cine ethyl ester, bromide, iodide, 127. 
5- Chloromercuri-2-phenyl thiophene, 99. 
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5-Chloromerouri-2-n-propyl thiophene, 100 

?. « ■> •• «« 


3(?)- 

3(?)- 

3- 

3- 

o- 

2 - 

5- 


100 . 


-3 -^opropyl 
resorcinol, 138, 155. 
salicylaldehyde, 193. 
salicylal aniline, 193. 
salicylic acid, salts, bromide, iodide, 166. 

„ methyl ester, 167. 
thiolbenzoic acid and ethyl ester, 165. 
thiophene, 70, 83, 97 , 98, 222. 

„ -o-toluidine, diacetyl derivative, 129. 

Chloromercuri thymol, sodium salt, 151. 
o-Chlorophenylglycollic acid, mercuration of, 191. 
o-Chlorophenylmercuric acetate, chloride, 104. 

» it a a , 104. 

V- a „ „ , 104. 

P~ a „ chloride, 78, 104. 

5-0hloro-l-phenyl-3-methylpyrazolone, mercuration of, 213. 
2-Chlorotoluene-5-sulphonic acid, mercuration of, 109. 

Cinnamic acid, mercuration of, 161, 176. 

Citraconic acid, „ „ , 67. 

a-Cravoxy-propionic acid, mercuration of, 191. 
o-Cresol „ „ „ „ , 137, 149. 

V- ” » » „ „ , 137, 149. 

P‘ „ methyl ether, mercuration of, 137; 150 . 

Crotonic acid, mercuration of, 67. 

Cumylmercuric chloride, 95. 

Cyanoacetic acid and esters, mercuration of, 62. 

5-Cyanomercuri methyl-2 : 4-diphenyl-selenophene, 217. 

» a ~l: 2-dihydrobenzofurane, 217. 

1 -Q7anomercurimethyl-4-methyl-l : 2-dihydrobenzofurane, 217. 
Cyanomercuri-salicylic acid, 168. 

Cyclohexenecarb oxylic ester, mercuration of, 68. 

Cyclohexylmercuric bromide, 95. 
a a chloride, 87, 95. 

» a cyanide, iodide, sulphide, 96. 

„ mercury compounds, 81, 95, 96. 

Cyclomercuri pentamethylene, 208. 

Cyclomercuri polymethylenes, 208-210. 

Cyclopentadiene, reaction with mercuric chloride, 190. 
Diacetoxymercuri-aceto-o-toluidide, chloride, bromide, iodide, 130. 

” -m- ,» 131. 

*A7 - tv” ” . ” ~ m ~ » 131. 

iv-isoUiacetoxymercuri-p-aminobenzoic ethyl ester, 162, 173, 174. 
Diacetoxymercuri-p-aminobenzoic acid ethyl ester, dichloride, acetyl derivative, 1 76 
^ » » -a-amino) propionic ethyl ester, 127. 

-jo-isoamylphenol, 153. 
aniline and acetyl derivative, 116 , 117. 

„ anisole, 142. 

^-^oDiacetoxymercuri-anthranilic methyl ester, 162, 168. 

2 : 4-Diacetoxymercuri-anthranilic methyl ester, 169. 


2 : 6 - 

2:4- 

2:4- 


3:5- 

3:4- 

4:6- 

2 : 6 - 

3:4- 


-p-tert. -butylphenol, 153. 
carvacrol, 152. 

-o-chloroaniline, 117. 

~°- » » and acetyl derivative, 117, 118. 

-£>-cresol, 149. 

~ p ' » _ compound with diazotised sulphanilic acid, 206 
-o-cresol, chloride, nitrate, 149. 

-o-cresolphthalein, 207. 
dimercuri-4-hydroxybenzaldehyde, 194. 

„ -2-nitro-3-hydroxybenzaldehyde, 195. 
-4-ethoxy-l-diacetoxymercuriphenyl-2 : 3-dimethyl-5-pyrazalone, 

guaiacol and derivatives, 154. 
-^-hydroxyphenyl-trimethylammonium acetate, 148 

lone ^' 1 “ diaCet0Xymercuriplien yl-2 : 3 -dimethyl- 5 -pyrazo- 
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3 : 4 - 

3 - 

3 : 4 - 


3 . 4 - 


4 - 

4 - 


o-p- 
2 : 6 - 


5 - 

5 - 

5 - 

6 - 


2 : 5 - 


: 4-Diacetoxymercuri-4-methoxy- 1 - diacetoxymercuriphenyl-3- methyl- 2 -e thyl- 5-pyra- 
zolone, 211. 

„ -4-methoxy-l-acetoxymercuriphenyl - 3 - methyl - 5 - pyrazolone 
and dichloro compound, 212. 

„ -4-methoxy-l-diacetoxymercuriphenyl - 3 - methyl - 5 - pyra- 
zolone, 212. 

,, -4-methoxy- 1 - [diacetoxy mercuri-o-tolyl]-3-methyl - 2 - ethyl- 
pyrazolone, 211. 

, -4-methoxy-l-[diacetoxymercuri-p-tolyl]-2 : 3-dimethyl-5-pyrazo- 
lone, 211. 

„ -N-methylthiodiphenylamine, 126. 

„ -a-naphthol, 138, 157. 

„ -a-naphthylamine, 111, 132. 

„ -m-nitroaniline, and acetyl derivative, 119. 

„ -p- „ „ , 120. 

„ -5-nitrosalicylic acid, 168. 

2 : 4-Diacetoxymercuri phenetole, 144. 

„ „ phenol, dichloride, 140. 

(2 : 4-Diacetoxymercuriphenyl-a-amino) butyric ethyl ester, dichloride, dibromide, 

di-iodide, 128. 

( 9f „ „ ,, ) isovalerianic ethyl ester, 128. 

4 : 6-Diacetoxymercuri resorcinol dimethyl ether, 138, 156. 

„ salicylal aniline, 193. 

„ salicylaldehyde, 192. 

„ thiophene, 98. 

„ thymol, sodium salt, anhydride, hydroxide, chloride, nitrate, 151. 

„ -o-toluidine, 129. 

„ -m- „ , hydroxide, chloride, bromide, 130. 

» -m- „ ,, „ „ , 130. 

„ „ -o-tolylglycine ethyl ester, 129. 

„ „ -2:4: 6-tribromobenzeneazo-phenol, 203. 

Diallyl barbituric acid, mercuration of, 68. 

Diazo-acetic esters, „ „ , 65. 

Dibenzalacetone, „ „ , 197. 

Dibromoethylene, reaction with mercuric cyanide, 188. 

Dibromofhiorescein, mercuration of, 208. 

Dibromomercuri-di- isopropyl ether, iodide, 185. 

2 : 4-Dichloroaniline, mercuration of, 118. 

2 : 5-Dichlorobenzene sulphonic acid, mercuration of, 109. 

3 : 5-Dichlorodimercuri-4-hydroxybenza]dehyde, 194. 

2:6- „ „ -4-nitro -3-hydroxy benzaldehyde, 195. 

Sym . -Dichloroethylene, reaction with mercuric cyanide, 188. 

(4 : 6) ? -Diehl oromercuri-m-aminophenyl-trimethylammonium acetate, 149. 

„ benzophenone, 198. 

„ -o-chloraniline and acetyl deriv., 117. 

„ -o- ,, „ , 118. 

„ cyclopentadiene, 190. 

„ 3 : 4-dimethylthiophene, 85, 102. 

„ 3-ethylthiophene, 85. 

„ fluorescein, 208. 

„ -o-hydroxyphenyl-trimethylammonium anhydride, 148. 

„ phenyl- a- amino) propionic ethyl ester, 128. 

„ pyridine, 213. 

„ resorcinol, 138, 156 . 

„ thiophene, 84. 98. 

„ „ „ „ , reactions of, 70. 

Dichloromonohydroxy-trimercuri-acetic acid, 188. 

Dicyclopentadiene, reaction with mercuric chloride, 190. 

p-Diethylaminophenylmercuric acetate, chloride, oxide, hydroxide, quaternary 
ammonium compound, 124. 

Diethylaniline, mercuration of, 124. 

Diethyl diallylmalonate, mercuration of, 68. 

Diethyl o-phenylenediacrylate, mercuration of, 68. 

2 : 6 -Dif or m oxy dimer curi- 4 -nitr o - 3 - hy dr oxy benz aldehy de , 195. 

3 : 5-Dihydroxydimercuri-4-hydroxybenzaldehyde, 194.^ 

2:6- ,, -4~ imin o-dihydropyrimidine-3-acetic acid, mercuration of, 192. 


6 - 

5 - 

: 5 - 
: 5 - 


3 : 5 - 
( 2 : 4 - 
3 : 6 - 

2 : 6 - 
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Ktl*yl t’llirr iin*rpuriii rhlyritir*, pmtlmmu?, I Hf. 

» *t »* ImimivK |H3 4 

y# ' 
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Ethyl inmvurie ethyl xnnthate, 191. 

, , ,, acetate, bromide, 34. 

,, „ chloride, 33, 35, 41, 42, 87, 

,, , f hydroxide, 35, 41, 42, 

iodide, 21, 30, 33,35, 4± 

,, „ 2:4: 04rinitrophenyl, 42, 

Ethyl propyl uretylene, mercury derivatives of, 188, 

Ethyl thiomorcuriu chloride, 88, 

I'kiyyii**! methyl ether* mereuration of, 137, 755, 

Fluorescein* mercury derivatives of, 207. 

Formic acid, „ ,, ,, , 58, 

Furanc, mereuruiion of, 213. 

Uuuiurol* fiiereuraiion of, 154. 

**4 hiuiaeoF propionic add* meruuration of, 191. 

4 HnUdemerruri 2 mtrophcnols, 145, 

0' H * “2* ,1 » 145, 

ihdogrnuted tsuwencs, mereumtion of, 104. 

« lieptyiinereune bromide, 44. 
n llrxylmemme bromide, 44. 

2 : I : 0 : 2* ; 4 : iV Hexanitrodiphenyl, reaction with mercuric chloride, 105. 

II) drir/itten* uieteurntion of, 161, 102 . 
iMlydr»»*v 4 i^ie< 4 oxyi*»ereurie*roi««unyllKumddehyde, 190. 

2 * „ * 8 ,, * „ 5 ti /7.4>utyllM‘imUdehyde ? 195, 

4 „ „ „ * 1 4Haeetoxymercuii*phenyl*2 : 3 : 4-trimethyh5-pyra- 

7,olone, 212. 

2 „ 5 } ‘.»;uu) llHUi/ahlehyde, mereumtion of, 190, 

I f \ » h » »\y a t\ dien/enes, mereury derivatives of, 205, 206. 

3 iivdr«i\\ lw ny ; ald«4tvde, mereumtion of, 193* 

" i* ,, * „ ,,,194. 

8 ffydroitv 8 5 ? 7 , htjtyllH*u7,al(lehyd<% mercuration of, 195, 

4 ’ „ * 8 ehloromereuri 1 d nehloromer<mriphenyI.2 : 3 : 44rimethyl-5-pyrazolonc, 


Uydro^ydiim'Wmri*i«M*ti« acid and derivatives, 59. 
i } ydr* ■ \y mci etmuieef ie arid, anhydride of, salts of, 50, 60. 

H> dr«»\> ?uereuri aeeto /i t<»Iuidide anhydride, 131. 

M „ nccioxyiiMUvundHmeneuzo-phenol anhydride, 203, 

„ *4mitro*3diydroxybenmldehyde, 195. 
„ *2- „ «3« * „ „ 195. 



»2« ,i „ -thiophene, 101. 
p ammoiwn/.oie anhydride, 102, 175. 

2 auisyUnclole, 214, 
anthranilie anhydride, 170, 

1 m - azoic arid, anhydride of, 162, 104. 

,, *, , salts of, 103. 

2 carboxyl* 1 -methylmdole, 214, 
o-eldoroaniline, 1 17. 

*/*- „ „ , U8. 

eyanoiwwiic add, salts, ethyl and methyl ester, 02, 
diueHoxymereuri acetic add, anhydride of, 00. 

M „ ,, , nltro-aeetate from, 00. 

di hroim dluore serin, 208. 

2 : 4 diehloroumUne, 118. 

.4 s 0 dmitrophemd and sodium salt, 140. 
ethoxy ehuulmoogrir add, anhydride of, 08. 
ethyl malonie methyl ester, 00. 
fluorescein, 207, 

*/Fhydroxy-»dmfcyri<* add, anhydride of, 07. 

- |F hydroxy propionic add, anhydride of, 00. 
a hV<in>xy«/Ephenylpropioiuc acid, anhydnde of, 102, 17b. 
,2 hvdroxyquin(dine*8-carhoxylic add, 2,14. 

„ .5-sulphonic add, 215. 


.odwlwaiiiiine* 118 * 

!lg 

' ‘>1. mi'th'ox >-■//• j.lwnyl propionio acid, anhydride of, 162. 177, 

m. 

• mi-thy Innthranilie anhydrido, 171. 




ORGANOMETALLIC COMPOUNDS. 


1-Hydroxymercurimethyl-l : 2-dihydrobenzofurane, 216. 

1- „ „ -6-methyl- 1 : 2-dihydrobenzofurane, 217. 

t>} » -4- -1:2 ,, ,, ,, , 217. 

Hydroxymercuri methyl malonic escer, 65. 

„ „ methyl esfcer, 68. 

2- „ „ -naphthionic acid, sodium salt, 134. 

o- „ „ -p-nitrobenzoic acid, 161, 165. 

3- „ „ -4-aca-nitro-2 : 6-dinitrophenol, anhydride and derivatives, 146 9 

14 7. 

5- „ „ -3-nitro-4-hydroxybenzaldehyde, 194. 

4- „ „ -2-nitrophenol and sodium salt, 144. 

4- „ „ -2-aa-nitrophenol, anhydride of, 144. 

2- „ „ -4 -oci- „ , anhydride of, pyridine double salt, 145. 

2- ,, „ -4-nitrophenol, sodium salt, 145. 

2- 9 , ,i -4- aa-nitr o- 6 -nitrophenol, anhydride, and derivatives, 146. 

„ „ phenolphthalein, 207. 

2- „ „ phenylglycine anhydride, 127. 

„ „ -2-phenylquinoline-4-carboxylic acid, sodium salt, 215. 

„ propionic acid, anhydride of, 65. 

9> 93 99 99 >» 9 65. 

3- „ „ -salicylic acid, anhydride of, 162, 166. 

>9 99 93 99 99 9 ammonium salt, 166. 

„ „ -salicylsulphone-phthalein, 208. 

°- a „ thiolbenzoic acid, anhydride of, 165. 

„ „ -o-tolylglycine anhydride, 129. 

4- Hydroxy-2-methyl-5-&opropylbenzaldehyde, mercuration of, 152. 

4 ‘ ’’ - 3 - » -?- » .. ... ,,,153. 

p -Hy droxynaphthoic acid, mercuration of, 161, 178, 179 . 

39 ,9 99 -4 : 7-disulphonic acid, mercuration of, 179. 

p-Hy dr oxy-m-nitr ophenyl carbinol, mercuration of, 159. 
m-Hy dr oxyphenyl-trimethylammonium hydroxide, mercuration of, 137, 148. 

„ „ „ „ , 149. 

8- Hydroxy quinoline, mercury derivatives of, 215. 

Indandione, mercuration of, 198. 

Indole, mercury derivatives of, 214. 

5- Iodo-acetylguaiacol, mercuration of, 154. 
o-Iodoaniline, mercuration of, 118. 
p-Iodobenzene sulphonic acid, mercuration of, 109. 

0- Iodomercuri anisole, 141. 

9 9 -anthranilic acid, 170. 

b- „ -2-bromothiophene, 99. 

5- „ -2-chlorothiophene, 98. 

a- „ cineol, 201. 

3- „ -2 : 5-dimethylthiophene, 102. 

2 ~ »» "3 • 4- „ „■ , 84. 

5- » -2 : 4-diphenylselenophene, 217. 

5- „ -2-ethylthiophene, 101. 

2- „ -3-hydroxy-tetrahydronaphthalene, 103. 

4- „ -o-iodoaniline, 118. 

2- » -Pq 93 9 118. 

5- „ -2-iodothiophene, 99. 

„ -methylanthranilic acid, methyl ester, 162, 168. 

1- Iodomercurimethyl-4-bromo-l : 2-dihydrobenzofurane, 216. 

1 -Iodomercudmethyl- 6-methyl- 1 : 2-dihydrobenzofurane, 216 


-5- 

»* 99 39 *4- ,, ,, „ 

5-Iodomercuri-2-methylthiophene, 101. 

4- „ -2-nitrotoluene, 107. 

o- 99 phenetole, 143. 

3- „ pyridine, 213. 

ct- 99 tram- terpineol, 201. 

p- „ „ „ , 201. 

2- „ thiophene, 98, 222. 

Iodomethylmercuric iodide, 45. 
p-Iodophenylmercuric acetate, 104. 
Itaconie acid, mercuration of, 67. 


,216. 
, 216. 
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Krtuiuw, moreurufion of aliphatic, 54. 

Maleic m*td, mereuration of, (17. 

Malouie acid and enter#, me re unit ion of, 88, 

I- Mouthy! eiimumate, ninvunition of, 178. 

• -■Mereaptumeiviiri ln*n*/,me acid, 103. 

Mercuri- aniline, 1 13. 
t « Me re n n "• I m • mx t anilide, 1 25. 

,» dhuiiuiudaruznie acid, 173. 

.. 4 „ „ 182, /73, 

■2 „ „ 172, 

i * ■ p n .. ethyl este r, 178, 

M 2 i, „ met hyl ester, 181. 

*■ „ M nmiuophenol* 147, 

1 1 „ aniline, l 14, / Hh 

,, maininole, 137, 111. 

.. /' „ • i MI. 

,, omthranihe methyl enter, 171. 
i ,, lamxoie iieid, 184, 

P M „ ,* , 184. 

>i », „ methyl enter, 184. 

i * ,» l«*n/.ylnmiine, 124, 

,, p luomudimethylanilme, 123. 

p ,, o elder* uimhue, 117. 

fl. ,, 2 ; 4 diohhmmndine, 111, /M*. 

1 4 „ ohot hvinniline, 124. 

„ ,, „ M , quaternary ammonium compound, 124, 

p M dimethylaniline, 111, 121, /22. 

kl * M , eoudennation with tluonyl chloride, 122. 

,, „ M , t „ quaternary ammonium compound, 122. 

,, qdimethyl p totnidine), 132, 

!*• », thpheny famine, 123, 

„ |I*y ; dr44xyMa , ri , uri'/C-!iiiphthoiat'/.olH‘U/.cn<^«ulph.oiuc acid), 204. 

„ #ii- hvdn »xy phenyl trimet hylammonium acetate, 148. 

I# ,, mrtiiy Idiphenvhtmine, 128, 

!». „ ‘ini mi H hy lam I ine, 123. 

#< M .liioimmethylaniline, HI, I'&L 

tv „ .<p mtroamlm*% 128. 

M (lUtru)M*ti/40U^'ii , /<'.4Hitlit^nt*. ueid), 205, 

##> n p nifrolwur/oie acid and nodium Halt, 185. 

**» M | nitrophniol, 148. 

M mqdieuetofe, 143. 

„ ,p, „ „ 143. 

M 137, /f/A 

M M M ilia.ee tale, 139. 

„ oiiilieylic iieid, 188, 

,, „ ethyl enter, 188. 

„ ,, „ methyl enter, 187. 

M >if' tliii41n*ir/.i»ie ueid, 181, 7675. 

„ /* foluidine, 131. , , . . , , . , .... 

M , eondeunation with dinitrophenylpynduuum chloride, 131. 

Mercuric alkyl xuuthateH, 190. 

#i'H*»retiri immphor oxide, 288. 
ip „ oo;ihloroatiilim% lit. 

5. .. „ „ ,118. 

a , M di /| ait ihydmhydroxy * /k phenyl propionic acid, 182, /7«V. 

M citeiftyleste oxide, 183, 

1 Mrr. )in.li.n.‘fitvl.-i(.- hi. t : U iliiiytlr<>lH«i«6t>furwH', 21JI. 

I M f , bi i 1 luethvd 1 ; 2 tlihydrolnm'/.ofurane, 217. 

|P Mefr fiHdntirt ii) lit* f | #1 *1 ***** li* iodtdeH, tW , 2/^2, 

Mrirttri hydro%ym*iruH iieetie iieid, 6/1, 81* 

3% merrii/ine, 128. 

MmraiipIiruU // miphth>Dmi»e, 133, 

Me - li r » e< lie I hy ieitt * « i# i< je, 1 83. 

Meremv p anmyl aeetylhle, 189. i>u.*v tto 

Mercury, aromatie eompotnaln of tyjjen, li a Hg* HHgE, .HHgA, 89. 

„ " U«nxyi ttuctylidu# 189, 
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Mercury, bis-aceto-diethylmethane, 65. 

,, bis-acetodimethylmethane, 64. 

„ bis-a-acetyl-a-ethylpropyl, 65. 

„ bis- a-acetyl-a- isopropyl, 64. 

„ bis-benzoylmethane, 63. 

„ bis- diazo -acetic ethyl and methyl esters, 65. 

„ -bis-3-dinitro(?)-mercazine, 126. 

„ bis-diphenyl, 69, 81. 

„ bis-malonic methyl ester, 66. 

{$- „ bis-propionio acid, 65. 

„ bromoacetylide, 188. 

„ butyl isoamyl, 87. 

„ „ phenyl, 87. 

„ chloroacetylide, 188. 

„ di-isoamyl, 25, 44, 38, 360. 

„ di-ieri.-amyl, 29, 38. 

„ 5 : 5'- di-isoamyl-2 : 2 / -dithienyl, 83, 100. 

„ dibenzyl, 69-71, 79, 86, 95. 

„ 5 : 5'-dibenzyl-2 : 2'-dithienyl, 83, 101. 

„ 5 : 5'-dibromo-2 : 2'- „ , 83, 100. 

„ di-29-bromophenyl, 69, 78. 

,, di-w-butyl, 29, 37. 

,, di-isobutyl, 29, 37. 

„ di-sec-butyl, 29, 30, 37. 

„ di-ieri. -butyl, 29, 38. 

„ 5 : 5 / -dichloro-2 : 2'-dithienyl, 83, 99, 100. 

„ 5 : 5 / -dichloromercuri-2 : 2 / -dithienyl, 84. 

„ di-£>- chlor opheny 1, 69, 78. 

„ dicumyl, 81. 

„ dicyclohexyl, 69, 81, 95. 

„ diethyl, 4, 16, 21, 29, 30, 33, 34, 41, 42, 69, 71. 

„ „ , action of metals and metallic chlorides on, 30. 

„ di-w-heptyl, 39. 

„ 5 : 5 / -di-iodo-2 : 2'-dithienyl, 83, 100. 

„ dimesityl, 80. 

„ dimethyl, 3-5, 15, 29, 30, 34, 39-41, 232. 

ft ,, , action of metals and metallic chlorides on, 30* 

„ di-4-methylcyclohexyl, 81. 

, 5 : 5'-dimethyl-2 : 2 / -dithienyl, 83, 101. 

di-a-naphthyl, 69, 70, 81, 96, 228. 

„ di- ^-naphthyl, 69, 82. 

„ o-o'-dinitrodiphenyl, 105. 

„ di-o-nitrophenyl, 69, 78. 

„ di-ra- octyl, 30, 39, 44. 

„ di-sec-octyl, 29, 39. 

” ^phenyltTl^l^lsfie, 26, 69, 71, 72-74, 78, 86-89, 91-93, 220, 227, 
234, 235, 242, 268, 298, 324. 

„ „ , reactions of, 74-77. 

„ di-n-propyl, 29, 30, 36, 43, 360. 

„ di-isopropyl, 29, 37. 

„ 5 : 5'-di-n-propyl-2 : 2 / -dithienyl, 83. 

„ dipseudocumyl, 69, 80, 95. 

„ 2 : 2^ dithienyl, 70, 82, 98, 222. 

„ di-o-tolyl, 69, 71, 78, 86, 93. 

„ „ -m- „ , 69, 78, 93. 

„ „-p- „ , 15, 69, 7$, 93, 94. 

„ di-o-xylyl, 80. 

„ „ -m- „ , 69, 80, 228. 

„ „ -P- » , 80. 

„ ethyl benzyl, 71, 85, 87. 

„ naphthyl, 29, 87. 

„ „ phenyl, 71, 85. 

„ fulminate, 53. 

„ hexahydrohenzyl acetylide, 189. 

2 : 4 : 6 : 2' : 4' : G'-hexanitrodiphenyl, 78. 
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Mereurv to. 

,, methyl henzyl, 87, 

„ ' Imtyl, 87. 

,, M eyeh >he\yh 87. 

,, ,, mesityl* 87, 

,» M naphthyl, 87, 

,* phenyl* 87. 

ii phfimxymeihyl ueetylide, 181), 

*, |»fs«*tkyl ueetylide, 181). 

m o- noisy l, 87, 

,* ,, Ih'u/vI, 83. 

I, evelohexyl, 87. 

M „ ethyl ueetylide, 189. 

1 1 ,* mesityl, 87. 

1 1 ,i naphthyl, 87, 

,, i, thienyl, 80. 

M ,, p tolyl* tiO f 87. 

„ propyl Duty!, 87, 

a ; i : X : i (etmmethyl 2 : 2'*difhienyl, 84. 

•I , t , , r» .*> . ° A 

** ; .I i X : X .. 3 : 3' 


, 84. 
, 84. 


M „ ; r*:.r. n ,H)». 

(l !* : i : 2' : r t < * t m n it red ihe t r/.y 1* 80. 

,, ;* ; 3 ; :! i ,* trim phenyl 3 : 3' dithienyl, <S’7 , 103. 

ii p fifty I ueetylide, 180, 

,, w4m!vI trir/yl, SO, 71. 

,, tritirninuethytem*, 180. 
tritddoroethyim*, 180, 

Meadytiurivurw* ehloride* H7, BS. 

Met hide trimermirie iodide. 45. . , V( * 

Mi tliU w rtvl* n*% internet iun with merouno Halts, , 

;,. M. f!nliiiui!t<tj‘lii nvlmi>iviirii’ mvtui.s Unmade, ehlondo, hydroxide, nitrate, sul- 

w* i /*/« . 

Mrthyhmthnimlii* methyl enter, merenratum of, Hi. 

j„ M*4 li> I*\velehe\y1mereurie **Uluriti<% bromide* eyamde, hydroxide, xiic t, . 
Methylene blue,* merrumtion of, 200. 

M»4hvie»e doueirurir. iodide, 4f>. 

Methyl ethyl kebme, memory derivatives of, 07. 

Met It v lliefitViiMiu* oxime, memmtiion of, 202. 

Mrtini hydrazine eurhi obviate, mereuration of, 10**. 

A%Methyittu!o!**, mereuration of, 214. 

^Mt4hylmdot*% ** 

MethyiketaU*, ** ^ ,,,214. 

vMi’thv llisef rune neetaio, 32* 4L 

ehloride* 32* *m 87, 

„ I* hydroxide* till* 41. 

I, ,* iodide, 21, 20 33, 40 , 40 

** Halts* »* W tl* 

rthvl and methyl xanthate, 101. 

Mrtiiyl Jilt! h»lv linth tV, mt-rriiridittn of, 21*1. 

a. Met It v 1 ft !*>' nr/ohme, >• »* * *“ 7* . 

#.Meti(vlthioiIi|ihenyIaiido«% mereuration of, 1*4- 
Moiioae* toxymermiri ftmuie* 214. 

Mniioidkvlamliiies, mereoridioo of, 120. t 

Mof$o«’tlivlam!itM‘» mei miration .of, !•»* ' i » i i VV ti(t 105 
%hm»U*n«*xm'mm 4 oitro4idiydroxyl)Hualdihyd< , 

MottMtuerettrie mtlhvieoe i««lide,4a 

JSaajSfi: -i »“»“ 

Mt oomelhyhuiiltne* mereuratiow of* 120. 


) ORGANOMETALLIC COMPOUNDS. 

Napkthionic acid, mercuration of, 134. 
a-Naphthol, mercuration of, 156. 

B - „ .. . , 01 

„ fatty acids, mercuration oi,. 191. 

1- -4-sulphonic acid, mercuration of, 157. 

! ” .5. reaction with mercuric acetate, 157. 

2- ” -6- I: „ , mercuration of, 158. 

Naphthylamines, mercuration of, 132. 

N aphthylamine sulphonic acids, mercuration 01, loo, loth. 

d-Naphthylamine, „ „ » 

-6-sulphonic acid, mercuration o±, 111, loo. 

L .5. ” ” -sulphonic acid, mercuration of, 111, 134. 

a-Naphthylmercuric acetate, 96. 

„ „ bromide, 29, 33, 81, 96. 

„ butyrate, 97. 

„ „ chloride, 71, 82, 87, 96, 231. 

formate, 97. 

„ „ iodide, 82, 96. 

„ „ „ nitrate, 72, 82, 91. 

„ „ „ sulphide, thiocyanate, 97. 

Naphthyl mercury compounds, 81, 82, 96, 97. 

Nitrito-dimercuracetaldehyde, 53, 187. 

o-Nitro-p-acetoxymercuri dimethylaniline, chloride, 123. 
p, -0- 99 „ ' monoethylaniline, chloride, 123. 

„ „ monomethylaniline, 121, 123. 

o-Nitroaniline, mercuration of, 118. 

tYl- „ „ ,, tf f 11 ^* 

p. „ „ ,, ft t 119, 120. 

o-Nitrobenzal dimercuric hydroxide, anhydride of, 106. 

1-^-Nitrobenzatomercurimethyl-l : 2-dihydrobenzofurane, 217. 
l_p. „ J} „ -6-methyl- 1 : 2-dihydrobenzofurane, 217. 

Nitrobenzene, mercuration of, 104 , 105. 
m- „ „ sulphonic acid, mercuration of, 109. 

Nitrobenzoic acids, mercuration of, 165, 166. 
o-Nitrobenzylmercuric chloride, 106. 
p- „ „ tt » 107. 

^3-Nitro-o-chloromercuri monomethylaniline, 121. 
o-Nitrodimercuribenzylidene oxide and salts, 106. 

3- Nitro-4-hydroxybenzaldehyde, mercuration of, 194. 

6- „ -3- „ ,, tt tt t 104. 

4 - „ - 3 - „ „ » tt ? 195 . 

o-Nitrophenol, mercuration of, 136, 144. 

p- „ „ ,, t 145. 

0- Nitrophenylmercuric chloride, 104. 

m- „ „ „ , 105. 

p~ ,, it ,t 1 105. 

2- Nitroresorcinol, mercuration of, 156. 

5- Nitrosalicylaldehyde, mercuration of, 192. 

3- „ „ „ „ f 192. 

5-Nitrosalicylic acid, „ „ , 168. 

^-Nitroso-o-chloromercuri aniline, 137, 139. 

„ „ „ phenol, 137, 139. 

Nitrotoluenes, mercuration of, 72, 105-108. 
n- Octylacetylene, mercuration of, 188. 
sec.-Octylmercuric bromide, 30, 44. 
n~ „ „ hydroxide and salts, 44. 

Olefines, mercuration of, 180-185. 

Oleic acid, ethyl ester, mercuration of, 68, 

1- Oxalato-di-mercurimethyl-l : 2-dihydrobenzofurane, 217. 

Oxindone, mercury derivatives of, 198. 

Penta-acetoxymercuri- acetanilide, 14, 125. 

Pentamethylene-1 : 5-dimercuri-dibromide, dichloride* dihydroxide, di-iodide* 
acetylide, sulphate, sulphide, 209, 210. 

Pentamethylene-1 : 5-dimercuridiphenyl, 210. 

Perchloratomercuracetaldehyde, 53, 187. 

Phenacylmercuric chloride, 63, 196. 
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t’heneiole* umrenmikm of, 137, 143. 
l k hvml n „ , 130, 139. 

„ dmulphunm acid, mereurntion of, 166. 

1‘henolphthnleiit, mereurntion of, 207. 

1’henvlntYtyieue, mercury derivative* of, 180. 
lOiciiyt *:M*hioriiim*r<’uri|ilu‘iiyl ethyl earbinol, 197. 
Wieiiyldimethylpyimolone, mereurntion of, 210. 
ikeny lethylene, mercury derivatives of, 190. 

I*h«-u\ Mhvlmcthylpymy.olone, mortnt ration of, 211. 

Hicuylmcrcurmmiuc acetate, chloride, cyanamide, nitrate, sulphate, 92, 
liniiyimri'Ciirit* acetate, 72, 74, 75, 90. 

,, ,, amine, 828. 

„ », hmmide, 78, 75, 88 , 

„ „ carbonate, 90, 

„ „ eldoride, 71, 74 77, 86, 87. 

,, M cyanide, hydroxide, 80. 

i , *, formate, IKK 

„ iodide, 78 '76, 89. 

», ,, mv nutate, propionate, 91, 

M „ nitrate, 72, 75, 9(1 

,, ,, oxide, 75, 

,, ,, imlphidc, 78, 91. 

M „ t hi* »curbt mate, thiosulphate, 78, 91. 

,, thittcyanate, 74, 39, 

t$ ,, | rinit ndwo/oate, 78, 

llruvl mercury compounds, 72 78, 85 92. 

M 2 : 4 ; 0 trinit rophenyl, 75', 88. 

1 tVnvl'8 methyl 5' pyrazolone, mereurntion of, 212. 
t ■ ;* ; 8 ; 4 ! rime thy! 5 pyw/.olone, mereuration of, 212. 

Hithalrmw, mereuration of, 207. 

IVrie acid, „ .. » 187, Nth 

t> |’ l i*tei»e, react ion with niercuiic ueetute, 200, 
l‘ro|«mol mercuric chloride, bromide, hydroHulphide, iodide, sulphide, 185. 
f*r«|wr#yl»«ereurw iodide, 45, 
iVtjuoute acid, tttereumtinn of, 65. 
t’ropiouoxymereuri 4 nitw 8 hyilroxylamv, aldehyde, 195. 

I*t *■*!»> 1 alcohol. mereuration of, 47. 
iVopviene, reaction with mercuric unit#, 184, 185* 

Ihojotme eh* <4 mi rcuric bromide, iodide, 51. 
imt |*ro|»% l hydroxy mercuri tin nitre acetate anhydride, 64. 

#c, I : *fotrt1ts»e-rrurie bromide, 80, 43, 

„ 1; „ chloride, 87, 43, 87, 86th 

M „ „ ethyl x ant hate, 191. 

M „ hydroxide and *nlt«, 48. 

,, »» M »* * , ,, , . r 

fViuhriimylmerettrle cidorkle, bromide, iodide, 95* 

I ’urine dcrivntiv* *, mefcumtinn of, 68. 

I *yrw intone*, inetcurafion of* 219 -213* 
ihrirltne, m - * H > 

Ihriiimime, rend ion with mereune oxide, 102. 
hyrrole, mcreumtion of, 218, 
y’liinoline, mercuratiou of, 214, f 

H nulphouie acid, mereurntion of, 215. 

QuittoW 1 1 1 imide mi 42) nitP»»-(4)-iM»roury, 119. 

Ueftorrlnol, mercurnthm of, 155. 

„ dimethyl ether, mereuration of, loth 
Hfcfrnt, mcrcuratioil of, 187, 184. 
i«i Hftfrol, reaction with incruurfn instate, ton, 

Salley Isddchyde, mereuration of* 192* 193. 

MkM ml mcreumtion of, 20H. iA& 

S«le ; >hc «Hd and eater*, mereurntion of, m-lm* 

Sidirvlo** acidic acid, mereuration of, 

SalicUmd phone phthalein* meremrathm of, 208, 

3*«h 


26 
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ORGANOMETALLIC COMPOUNDS. 


Sodium p-bromobenzene sulphonate, mercuration of, 109. 

-3 -nhlor omer curi-4-hy droxy - azobenzene -4 -sulphonate, 205. 
-6-hydroxymercuri-2-nitrophenolate, 145. 

” Sodium p-toluene sulphonate, mercuration of, 109. 

Starch, mercuration of, 47, 50. 

Stearolic acid ester, mercuration of, 68. 

Styrol, reaction with mercuric acetate, 190. 

Styryl ethyl ether, reaction with mercuric acetate, 190. 
Sulphatomercuri-dimethylanthranilic acid, chloride, 172. 

1 : 1-Sulphato-mercuridimethylene-bis-l : 2-dihydrobenzofurane, 216. 

o - Sulphidomer curibenzoic acid, 161, 164. 

„ „ „ „ methyl ester, 164. 

0 - Sulphidomer curibenzoyl chloride, 164. 

Sulphidomer curi- salicylic methyl ester, 161, 167. 

Sulphonic acids, aromatic, mercuration of, 108 , 156. 

1- Tartrato-di-mercurimethyl-l : 2-dihydrobenzofurane, 217. 
Tetra-acetoxymereuri- a- acet onaphthalide, 133. 

9f diacetone hydrate and salts, 55. 

” „ fluorescein, 208. 

M „ furane, 213. 

2 : 2' : 4 : 4'-Tetrachloromercuri-diphenylamine, 111, 125. 
Tetrachloromercuri-furane, 214. 

Tetrahydroxymercuri fluorescein, 208. 

„ » furane, 213. 

Tetramethyldiaminotriphenylmethane-azo-o-chloromercuriphenol, 139. 

2:5:2': 5'-Tetramethyl-3 : 3'-dithienyl, 70. 

Tetra (phenylmercuri) thiourea, 92. 
5-Thiocyanatomercuri-2-isoamylthiophene, 100. 

J5 „ „ -2-bromothiophene, 100. 

9f „ -2-chlorothiophene, 100. 

3_ . „ -2 : 5-dimethylthiophene, 103. 

2 - „ „ - 3 : 4 - „ » > 102 . 

5- „ „ -2 : 3- „ „ » ^2. 

5- „ „ -2 : 4- „ „ > 103. 

3. 9f „ -2 : 5-diphenylthiophene, 103. 

5- , „ „ -2-ethylthiophene, 101. 

5- „ „ -2-iodothiophene, 100. 

1 -Thiocyanatomercurimethyl- 1 : 2-dihydrobenzofurane, 217. 

X- „ „ „ -4-methyl- 1 : 2-dihydrobenzofurane, 217. 

5-Thiocyanatomercuri-2-methylthiophene, 101. 

2 or 5 (?)- „ „ -3- „ „ ,101. 

5- „ „ -2-n-propylthiophene, 100. 

2- „ „ thiophene, 98. 

Thiolbenzoic acid, mercuration of, 165. 

Thiophene mercury compounds, 72, 82-85, 97-103. 

Thiosalicylic acid, mercuration of, 165. 

Thymol, „ „ , 137, 151. 

p-Thymolaldehyde, „ ,, , 152. 

Thymoxyacetic acid, „ 191. 

^-Toluene sulphonic acid, mercuration of, 108. 
o- ,, ,, ,, „ ,, » 109. 

Toluidines and toluidides, „ „ , 129. 

l-u-Tolyl-2 : 3-dimethyl-5-pyrazolone, mercuration of, 211. 

1 m i i a il i ck 1 f . „ Oil 


Jr v - — 

l-o-Tolyl-3-methyl-2-ethyl-5-pyrazolone, 
Tolylglycine esters, mercuration of, 128. 
o-Tolylmercuric bromide, iodide, 92. 


,,, 211 . 


o- 

o- 

0- 

m- 

m~ 

p- 

p- 


chloride, 92, 229. 
nitrate, 72, 93. 
sulphide, 93. 

bromide, iodide, propionate, 93. 
chloride, 71, 93, 229. 

acetate, bromide, carbonate, mercaptan, 94. 
chloride, 71, 76, 78, 86, 87, 93, 161, 163, 230. 
ethyl xanthate, 191. 
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: 4:0 


2 : 4:0 

2 : 4 ;« 


2 : 4:0 

2 : 1:0 


T» Ivlmercurie iodides 70, 94. 

„ ** me tltyl xanthaks 191. 

„ „ nitrate, 72* 94. 

„ ,, 2 : 4 : O-trinitrolHmsmate, 79, 94. 

,, ,, 2 ; 4 : OTrinitro phenyl, 94. 

Toly l mercury 2:4: 9* ,, „ , 79, 

Tolyl mercury compounds, 78, 79, 92-94. 

Triueefoxy menniri-m-uldoroamlino, 1 1 8. 

„ „ phenolphthulem, 207. 

,, ,, .mdolylglycinc ethyl ester, 129. 

Trilmimocthvlene, internet ion with mercuric cyanide, 188. 
Triehloroet hy lene* „ ,, » > 185, 188. 

Triehlimmwreuriuwwtaldehyde, 180, 

,, „ ■acetic acid, d/, MS. 

„ „ acetone, 187, 

« „ , -w-ehloroanilmo, 118. 

„ „ -methyl ethyl ketone, 188, 

Trihydroxy mercuri-acetic acid, 1 88, 

. * M * „ -wehlonmmlinc, 118. 

M „ phenolHulphone-phthalein, 207. 

Trimereuri neetie acid, 48. 

It dmeetone hydroxide and derivatives, 50, 57, 

M uihddehyde hydroxide, 53. 

Trimtrnphenol, memvration of, 140. 

• Trim! rophenylmereurie chloride, 78, 102. 

Triolein, melioration of, 110. 

Vamlhn, mereuration of, 154. 

Vinyl oxymi't'enrochlorhle, 180. 
w< Xylylmereurte chloride, HO, 91k 
\\ h i mercury eompounda, HO. 


Huron* 

i 4 (i* A my 1 boric nehl, 224, 220. 
te Atibvl boric acid, 230. 

Hciwyl boric acid, 95* 2SL. 

M * M „ , iHohutyl ester, 231, 

Huron u aniavl diehloride, 228 
„ |e „ ,, ,228. 

„ diethyl chloride, 224. 

M „ * ethylate, 225, 

„ „ hydroxide, 224. 

ii diphenyl bromide, 227. 

chloride, 70, 219, 227, 228. 
n „ fluoride, 219. 

„ <t naphthyl diehloride, 228, 

If, M ,22^*231*232. 

** e pheneiv! diehloride* 228. 

;; P „ * „ * 228, 
pheuvl dibromide, 228, 
diehloride, 227, 

M „ diOuorido, 219, 227* 

M „ tetrachloride, 227. 

m propyl oxide, 220, 

„ weiuhrutnyl dihromide, 228. 

„ mtolyl diehloride, 228, 
n p, „ i ll bromide* dl fluoride* 228, 
n tri«i»amyl, 224, 
tri 'Ciohutyh 224, 
w triethyl, 219% 224, 225, 

„ „ iimmine, 224, 

* tri methyl, 222, 224. 
n „ amminc, 223. 

" ;SSrm«S^thyUmi««. a tbyl«nine. m 
" „ ■' jirojiylamiiMV tlimothylamino, tnmethylwnme, 227. 


ORGAN OMETALLIC COMPOUNDS. 


Boron triphenyl-aniline, pyridine, quinoline, quinaldine, piperidine, phenyl 
hydrazine, 227. 

„ tri-ft-propyl, 224, 225. 

,, o-xylyl dichloride, 228 

„ m- „ dibromide, 228. 

„ „ „ dichloride, 231. 

s 228. 

2>-Bromophenyl boric acid, 229. 
iso-Butyl boric acid, 226. 

2>-Carboxy-phenyl boric acid, 230. 
j3-Chlorophenyl boric acid, 229. 

Diethylboric acid, 224, 225. 

Diphenyl boric acid, 227, 228. 

Di-p-tolyl boric acid, 229. 

Ethyl boric acid, mono- and diethyl esters, 225. 

„ , compound with triethyl bone ester, 225. 

Methyl boric acid, 225. 
a-Naphthyl boric acid and salts, 231. 

/?- ” ” ”, ”, ” ’ methyl ester, 231. 

a-Naphthyl boron oxide, 232. 

fi- » » .» * 232 . 

o-Phenetyl boric acid, 230. 

Phenyl boric acid, 88, 225, 228, 229. 

„ boron chloride, 76. 

„ boron oxide, 231. 

Propyl boric acid, 225. 
o-Tolyl boric acid, 92, 229. 

,, ,, ,, , 93, 229. 

m- „ ,, „ isobutyl ester, 229. 

„ ,, and salts, 92, 230. 

o-Tolyl boron oxide, 231. 

P~ tt it a t 231. 

o-Xylyl boric acid, 231. 

m- „ „ and diethyl ester, 231. 

P- a „ 'a 1 231. 

o- „ boron oxide, 231. 
m- „ „ „ , 231. 

m~ „ „ „ , acid silver salt, 231. 

P- a „ a t 232. 

p- „ „ „ , acid silver salt, 232. 


Aluminium. 

Aluminium alkyl iodides, compounds with amines, 233, 234. 

„ diethyl iodide, 233. 

„ ethyl di-iodide, 233. 

„ tri-isoamyl, 233. 

„ tri-isobutyl, 233. 

„ triethyl, 36, 232. 

„ „ , compound with aluminium bromide, 232. 

„ triethyl-etherate, 233. 

„ trimethyl, 33, 232. 

„ trimethyl-etherate, 233. 

„ triphenyl, 76, 220, 234 . 

„ „ , compound with ether, 234. 

„ tripropyl, 37, 232. 

„ tripropyl etherate, 233. 

Methylene bromide or iodide, aluminium derivatives of, 220, 234. 


Indium . 

Indium diphenyl chloride, 76, 220, 235 . 

„ phenyl oxide, 235. 
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Thallium. 

rhnUium rom|iaritu»n with gold, 4. 

fliiiilium di iWiamyl ehlnridr, Uuoride, 242, 

** <«•«•>«$ bn>mi»l«, carbonate, chloride, fluoride, iodide, nitrate, sulphate, 

„ <ii /.wlrntyl rhlundt', nitrate, 242, 

,, ili Aw.dmtvl fhlorido, nitrate, 242. 

,, dir) cluhexyl uhlnrida, 242, 

,, dirt hvl acetate, 220. 

„ " tmmude, 222, 237. 

»» „ «id>rtmudH?ir/,oaO\ 220. 

*„ ,, earbenate, 208, 

,, .. chloride, 2/17, 208, 002. 

*,* », „ i'immmU*, 208. 

m „ I : ti iliiutro«2.umiuoph(moxklo, 240. 

„ i « dimtro/hniqddltuxida, 241. 
m >* 2 i4-<ii«itmimphth«xido-7.8ulphonate, 241. 

M «« 2 : 4*dimtrnphenoxide, 240. 

M ». -2 : 0* ,» ,* t 240. 

** „ tliiitirtr'fjd.ulyloxidr, 244. 

. M M Ouuridr, 201. 

, hoxamtrudiphenvhimme, 240. 

M ,, « hex oate, 200. 

,, ,, hydrogen carbonate, 208, 

,, ,, h\dr« cmlphide, 208, 

„ hydroxide, 221. 

,, i, iodide, 237, 208. 

,, >i p imiobcu'/oate, 200, 

,» „ hud air, 200. 

,* nitrate, 208, 

», -I* iiilrili*, 208. 

I# ,, p tiilrulM'ir/aai.lu, 200. 

** ,, » ttilrojihcnoMde, 200, 

„ m „ „ * 200, 

.. „ p ‘ „ „ * 200. 

„ h nil imhh iia |ihtiiuxhi«s 241. 

,, „ 4<*!itruHi»|ii*utiuxidu, 221* 240, 

„ ,, 0 ■ t* tntvlnxide, 240. 

„ .ft. „ „ ,221,24/. 

.. .. •. *w » . 040, 

M M 41* M m „ » 240, 

„ „ »lh „ «/>• *, # 240 

,, ,, n ocloate, 200. 

„ ,, phoHphate, 208, 

», M propionate, 200. 

4% „ mdpbate* *207, 23$, 

n n thiocyanate* 208, 

M M t riehlorojuad^ite, 200. 

,, M limit ro fMiaphthoxide, 241, 

,, „ 2 ; 4 : 0 trinif rophen«»xide f 240. 

„ M triuitrn m tolyloxide, 241. 

„ ,, valerate, 200, 

„ dimHtsyl acetate, 237, 

„ M ' bromide, 23& 205. 

„ *, carbonate, 205, 

chloride, 221» 234 
M ** elmmittte, 208, 

„ 4 : tbdinitro 2 animophtmoxide, 207. 

M „ HttorMk 205, 

„ „ hy(l»nnil»hitk% 208. 

„ M hydroxide, 208, 207. 

IwMtH 205, m 
„ „ nltinte* 200. 

„ „ o>nitroph<inoxi(iQ # 20<h 

„ m* „ „ t mu 236. 
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ORGANOMETALLIC COMPOUNDS. 

Thallium dimethyl jj-nitrophenoxide, 231 

-3-nitro-o-tolyloxide, 16 1. 

di-a-naphthyl bromide, 221, 243. 

„ chloride, 243, 360. 
diphenyl acetate, 244. 

acid butyrate, 221, 244. 

„ hexoate, 221, 244 . ' 

„ propionate, 244. 

5 j valerate, 244. 
bromide, 242. 
o-bromobenzoate, 244. 
m- >? „ > 244. 

%-butyrate, 244. 

chloride, 76, 222, 242, 245, 340, 360. 
chromate, 244. 
fluoride, 242. 

%-hexoate, 244. 
nitrate, 243 , 244. 
nitrite, 243. 
p-nitrobenzoate, 244. 
o-nitrophenoxide, 244. 
p- „ „ , 244. 

a-nitroso-/?-naphthoxide, 244. 

%-octoate, 244. 
oxide, 243 , 244. 
pyrophosphate, 244. 
trinitro-a-naphthoxide, 244. 

„ trinitro-m-tolyloxide, 244. 
di-p-tolyl bromide, 243. 

„ „ chloride, 243. 

di-o- „ „ , 243. 

dipropyl bromide, hydrosulphide, hydroxide, iodide, 241. 

„ chloride, 37, 241 . 
di- isopropyl chloride, nitrate, 242. 


Silicon. 

iso Amyl silieonie acid, 259. 
isoAmyl silicon trichloride, 254, 256. 

„ „ trichlorosilicane, see isoAmyl silicon trichloride. 

,, „ triethoxy silicon, 256. 

Anhydrobisdibenzylsihcanediol, 276, 277. 

Anhydrobisdiphenylsilicanediol, 248, 271-274. 

„ „ „ , crystallographic measurements of, 365. 

Anhydrobisphenylethylsilicanediol, 275 f 
Benzyldiethylsilicol, 270. 

Benzylethylisobutylchlorosilicane, 267, 281. 

Benzylethylisobutylsilicol, 271, 281. 

„ „ „ , sulphonation of, 271. 

Benzylethylbutylsilicyl oxide, 280, 281. 

Benzylethylisobutylsilicyl chloride, see Benzylethylisobutylchlorosilicane. 
Benzylethyldichlorosilicane, see Benzylethyl silicon dichloride. 
Benzylethyldipropylsilicane, 264. 

„ „ „ , sulphonic acid and salts, 264, 

Benzylethylpropylisobutylsilicane, 265. 

„ „ „ , sulphonic acid and salts, 264 , 265. 

Benzylethylpropylchlorosilicane, 264, 265, 267, 271, 285. 
Benzylethylpropylsilicol, 265, 270, 271, 280. 

„ ,» „ , sulphonic acid and salts, 265, 271. 

Benzylethylpropyl silicon chloride, see Benzylethylpropylchlorosilicane. 
Benzylethylpropylsilicyl oxide, 280. 

Benzylethylsilicanediol, 278, 279. 

Benzylethyl silicon dichloride, 266 -268, 271, 280. 

Benzylethylsilicone, 270, 280. 

Benzylmethylethylpropylsilicane, 265. 

» » , sulphonic acid and salts, 265. 


BUEIEcrr INDEX. 


407 


MetiXYl add tridhyl ester, 284 

» f« dime add, 270, 

», ttilimn irtdthiride, 202, 8675 270, 284 
Iktuy Uhrtdt*r«»*ihciiiH<, m ifcur/.yi silicon trichloride. 

ItriinltrimHln kdieuw, 282, 

Miarihuxy I /i hnwiophenyidisiloxunc, 803. 

Hk'dvidhy hut medlyl} ether* 257, 

Mi* p tnefhykdy Ihehmme, 308. 

Mi* }ni|UMjiy lint umsdydyrt her, 257, 
j» mlieim trichloride, 203* 86W. 

I** ** *» » esters derived from, 303. 

I*' Hn*mMjihi'nvllri*'th fc vl»it*»uiiu», 86VJ, 204. 

»» •• »• n > alcohols derived from, 373, 

n ihttvitrichiortMtlienUc, 851, 

*« „ m ** , 25 i, i\n, 

l^i1i|Mf»«|»0r.ii)*|lri*4lty'k*liciuio, 203. 

I* . t lilt ri * n * j*ra|*>4sdieiu*e, 204, 

!* Ililnmjiheftylsith'un triehinrido, 204, 200. 

I lilnrulriethnxyjtiitcott, 257, 

die blonde, 282. 

I *yekt jrittaiiict tiykmedhet.me, 282. 

I 87 7, 87$. 

I >5.uih;» •iiMtjiBsiiphcnvh.ili«'anrdiul, 24H, 273* 874 

m » »» , i'ryntuHtigraphio measurements of, 366. 

iff'Ddirit/yhiirtl^vMii’inii^v kdieoetlmne, 285. 

*||4 Oinv/ 'i Midhy kilieocthtitte, Htilphoitation of, 280. 

«, ». ,» M dimdphonio acid, kmenthylamine salt, 286. 

I liinrii* y 1*4 by lr hi* ifodlieaitt*, 800, 208. 

! Jitni# y 1*4 byl|*ro§»y holies ae* 204. 

„ ,, „ Hulphonm add and salts, 264 

iHhetuyldh) Idled, 87o, 

DtbrfixybOhyl silicon ehh»ridi% wrr IHlHUVAylcthyleElurosilicane. 
D0^w.fti4lt>;k*he>4 oxide, 27o, 

1 Olw-ii; y ImH by kdir« *1, 270, 

I iihrii#y Ititdhy hdlicy I oxide* 282, 

Ihts^tfybiheitiir'dto!, 258, 2/4, 27IL 
I iik-iii’, )4 nilieoti dkidoride, 'JUM, 275, 

I >if«ii|.);kili*:*.*iw r » 270, 

DthtHiti»»4hy! silicon dichlorkle, 254. 

Dh4hvtrhi»r»i*i!icon ethyl ether, 250. 
iMhyl mb mu diddoride, 252, m , 258. 
lOrthyUilieMlie, 254, 254 
Diethyl «heoti oxide, 248, 

1 irthylr)'i4t»|>r*it aiiii4hyIe*Mmilieam% 84*8, ML 
I lliiieiliyiilieiliylidlhmite, 252. 
f hitiethy Irlliyf wdmty WHenne* 252, 

„ " J n jif**|iykilkiaiie, 252, 

I iii«rlhy!4i|UM|iykiheaue, 252, 

Dimethyl * far blonde, 282, 

I »i|i|$riiMvyiii|4irii)4#utii'ttiie, 200. 

10jdnu»M\y*»4«j4ieii>l>iilhu4*dra*i<^ 2181. 
f hjtkmykhh uimdienW* tirr t Ophmyi siheon diddurido. 
ill Dt|thsnyidt*4hy!di|tro|»y Miirodlmias 285, 

I OjthtUiy Iflietliy kilte&ue, 203, 

I »i|i!i*‘in tdtmcthy Idtimin*, 203, 
l HiilwM tel It v leltk ir* adlimne* Min 280, 

t%i*r*i>tritiy!ddyl ddnride, *tr Diiiheiiylothyloldoroslhoano. 

I fjj*lirn> h-thyDilicyl oxide, 280. 

I Oj»heiiylmethyld*ltiro»«licwu% 200, 
lOjthetiylmdhyl ailkwl, 280, 
il4|il«iiiVlf«*4:hyWlkiyl «xkK 280, 
thnhrtivtalicAUtslkib 248, 250* 27/ -274 288, 21K), 

tl *" n # iiryitailegra|ihia measurements of, 364 
Ikiitwnyi nilioon dihromkK MB, , w . 

Ihtdienv! liliniii tlidilufide, 203, 8117, 208, 272, 283, 287, 290. 
lH|ihetiykilit'*4w% 273, 271k 


ORGANOMETALLIC COMPOUNDS. 

Ethyl isobutyl silicon chloride, 253. 

ortho-2 ! 4-dimethylsilicobenzoate, 284. 
orthosilico-butyrate, 256. 

^-Ethylphenyltriethylmonosilane, 363. 

Ethyl 7 &-propyl silicon chloride, 252. 

Ethysiliconic acid, 258. 

Ethyl silicon trichloride, see Ethyltrichlorosilicane. 
Ethyltrichlorosilicane, 252, 254, 266, 268. 

Ethyl triethoxy silicon, 256, 258, 259. 

Ethyl trimethoxy silicon, 256, 259. 

Hexaethylsilicoethane, 259. 

Hexamethylsilicoethane, 259. 

Hexaphenylsilicoethane, 284, 361. 
p-Iodophenyltriethylsilicane, 264. 

Methoxyethoxyshicon dichloride, 284. 

Methylethylpropylsilicol, 264. 

Methyl monosilicic acid, 256. 

Methylsiliconic acid, 258, 361. 

Methyl triethoxy silicon, 258. 
a-Naphthyl silicon trichloride, 269. 

Octaphenylcyclosilicotetrane, 288-290 . 

Octaphenyldlethylsilicotetrane, 288. 

Octaphenyldi-iodosilicotetrane, 287. 

Octaphenylsilieotetrane oxide, 287, 288. 

Orthosilicoacetic acid triethyl ester, 256 , 258. 
a-Orthosilieonaphthoic acid triethyl ester, 284. 

Phenoxydiphenylsilieyl chloride, 290. 

„ „ „ „ , sulphonation of, 290. 

Phenoxymethoxyethoxymenthoxysilicon, 284. 
Phenoxymethoxyethoxysilicon chloride, 284. 

Phenoxymethoxysilicon dichloride, 284. 
Phenylbenzylethylpropylsilicane, 265. 

„ „ „ , snlphonic acid, 265. 

Phenylbenzylsilicanediol, 279. 
Phenyl-p-bromophenyldichloromonosilane, 363. 
Phenyl-p-bromophenyldiethylmonosilane, 363. 

Phenyldiethylsilicol, 270. 

Phenyldiethylsilicyl oxide, 270. 

Phenyldimethylethylsilicane, 262, 264. 

Phenylethyldipropylsilicane, 285. 
Phenyl-p-ethylphenyldiethylmonosilane, 363. 
Phenylethylpropylchlorosihcane, 267, 270, 285. 

Phenylethylpropylsilicol, 270. 

Phenylethylpropyl silicon chloride, see Phenylethylpropylchlorosihcane. 
Phenylethylsilicanediol, 275, 278. 

Phenylethyl sihcon dichloride, 266-268, 270, 280, 285. 
Phenylethylsilicone, 270, 280. 

Phenyl-metasilicic acid, 283. 

Phenylmethylethylpropylsihcane, 264. 

Phenylmethylethylsilic ol, 270. 

Phenyl sihcon trichloride, 77, 262, 263, 267, 268, 283. 
Phenyltriethylsilicane, 263. 

Phenyltrimethylsilicane, 262. 

Propylsihconic acid, 259. 

Propyl sihcon trichloride, 252, 254, 256, 259. 

„ triehlorosilicane, see Propyl silicon trichloride. 

„ triethoxy sihcon, 256. 

Silico-acetic acid, 258. 

Silico-benzoic acid, 283. 

« » „ , triethyl ester, 283. 

» », anhydride, 279. 

,, -butyric acid, 259. 

SiHcochloroform, 250, 251. 

Silicoheptyl ethyl ether, 251, 255. 

Sihcohexoic acid, 259. 

Silicohydroearbon, “ unsaturated,” Si 4 Ph 8> 287 


SUBJECT INDEX. 


409 


Silicohydrocarbon, “ saturated,” Si 4 Ph 8 , 288. 
j? ,, , [SiPh^Jn, 288, 289. 

a-Siliconaphthoic acid, 283. 

Silico-propionic acid, 258. 

Silicotoluic anhydride, 279. 

Silicon diethyl diethyl ether, 255, 256, 258. 

„ „ ether, 253. 

„ ethyl triethyl ester, 254. 

„ Propyl „ „ ,254. 

„ tetraethyl ester, 256. 

„ tetraphenyl, 262, 317, 340. 

„ triethyl ether, 255. 

„ „ ethyl ether, 250, 253. 

SulphobenzylethyKsobutylsilieyl oxide, 281. 

„ „ „ „ . sulphonic acids and salts, 281, 282. 

Sulphobenzylethylpropylsilicyl oxide, 280. 

„ „ „ „ , sulphonic acids and salts, 280, 281. 

Tetra-isoamylsilicane, 250. 

Tetra-anhydrotetrakisdiphenylsilicanediol, 273, 275, 288, 361. 

„ „ „ „ , crystallographic measurements, 368. 

Tetrabenzyl silicane, 262. 

Tetraethoxysilicon, 256, 258. 

Tetraethylsilicane, 23, 250, 252, 253, 361. 

Tetramethyl silicane, 18, 248, 361. 

Tetranitrophenyl silicane, 262. 

Tetraphenyl silicane, 259, 262, 266, 268, 361. 

Tetrapropyl silicane, 24 250, 251. 

Tetra-m-tolyl silicane, 262. 

» -P- » » >262. 

Tolylsiliconic acid, 283. 

#>-Tolyl silicon trichloride, 269. 

Tri-^oamylbromosilicane, 253, 256. 

Tri-isoamylsilicane, 251. 

Tri- isoamylsilicol, 256. 

Tri-isoamyl silicon bromide, see Tri-isoamylbromosilicane. 

Tri-isoamyl silicon oxide, 250, 258. 

Trianhydrotetrakisdiphenylsilicanediol, 275, 361. 
Trianhydrotrisdibenzylsilicanediol, 276,-278. 

„ „ „ , crystallograpliic measurements of, 369. 

Trianhydrotrisdiphenylsilicanediol, 273, 274, 290. 

„ „ „ , crystallographic measurements of, 367. 

Tribenzylchlorosilicane, 266. 

Tribenzylsilicol, 266, 270. 

Tri-wobutylbromosilicane, 253. 

Tri-i.?obutylsiIicane, 251 , 253. 

Trichlorosilicane, 250, 251. 

Trichlor o-p-triethylsilylphenylmonosilane, 3 63. 

Triethoxysilicon chloride, 256. 

Triethylacetoxyethylsilicane, 252. 

Trie thy lisoamylsilic ane , 252. 

Triethylbromosilicane, 250, 251, 253, 363. 
Triethylbromo-p-phenylmonosilane, 291, 362. 

Triethyl-n-butylsdicane, 252. 

Triethylisobutylsilicane, 252. 

Triethylchloroethylsilicane, 250, 252. 

Triethyl-p-chlorophenylmonosilane, 291, 362. 

Triethylchlorosilicane, 253, 255. 

Triethylhydroxyethylsilicane, 252. 

Triethyl-p-iodophenylmonosilane, 3 62. 

Triethylphenylsilicane, 362. 

Tri-w-propyl-p-chlorophenylmonosilane, 362. 

Triethyl- w-propylsilicane, 252. 

Triethylsilicane, 23, 251. 

Triethylsilicol, 253, 254, 259, 363. 

Triethyl silicon acetate, 253, 254. 

„ „ chloride, see Triethylchlorosilicane. 
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Triethyl silicon oxide, 253, 257. 

Triethylsilicyl ethyl ether, 23. 
l-Triethylsilyl-4-triethylstannyl-benzene, 291. 

X- „ „ -4-trimethylplumbyl-benzene, 291, 

1- „ „ -4-diphenylarsyl benzene, 291. 

TrimethyKsoamylsilicane, 252. 9 

Trimethyl-w-butylsilicane, 251. 

Trimethylzsobutylsilicane, 251. 

Trimethylethylsilicane, 251. 

Trimethyl- ft- propylsilicane, 24, 251, 253, 257. 
Trinitrophenylsihcol, trisulphonate of, 269. 
Triphenylbromosilicane, 263, 266, 268, 361. 
Triphenylchlorosilicane, 262, 263, 266, 267, 269, 284. 
Triphenylethylsilicane, 263. 

Triphenylmethylsilicane, 262. 

Triphenylsilicane, 263. 

Triphenylsilicol, 262, 266, 269, 280. 

„ „ trisulphonic acid, 269. 

Triphenyl silicon acetate, 266. 

„ „ bromide, see Triphenylbromosilicane. 

„ „ chloride, see Triphenylchlorosilicane. 

„ „ oxide, 361. 

Triphenylsilicylamine, 266. 

Tripropylbromosilicane, 253, 255. 

Tripropylsilicane, 250, 251. 

Tripropylsilicol, 253, 255. 

Tripropyl silicon acetate, 253, 255, 258. 

„ „ bromide, 255. 

„ „ oxide, 251, 253, 257. 


Germanium. 

Dimethylaminophenylgermanic acid anhydride, 299. 

Dimethylanilino germanium trichloride, hydrochloride of, 299. 

Disodium diphenyl germanide, 296. 

Germanium dimethylanilino triphenyl and hydrochloride, 298. 

„ ethyl triphenyl, 298. 

„ tetra-isoamyl, 293. 

„ tetrabenzyl, 298. 

„ „ tetrasulphonic acid and barium salt, 298. 

„ tetra-ft-butyl, 293. 

„ tetraethyl, 291, 292, 293, 361. 

„ tetramethyl, 291, 292, 361. 

„ tetraphenyl, 294, 295, 297, 361. 

„ tetrapropyl, 293. 

„ tetra-jp-tolyl, 297, 298 

„ triphenyl anisyl, 298. 

» » -i?-tolyl, 298. 

Hexaphenyldigermane, 294 -296, 361. 

Phenylgermanic acid anhydride, 298. 

Phenylgermanonic acid, 297. 

Sodium triphenyl germanide, 294, 295, 296. 

„ „ germanolate, 296, 297. 

Tetra-anhydrotetrakisdiphenylgermanediol, 297, 361. 

Tetraphenylgermane, 294. 
jp-Tolylgermanic acid anhydride, 299. 

Trianhydrotetrakisdiphenylgermanediol, 297, 361. 

Trimethylstannyl-triphenylgermane, 296. 

Triphenylgermane, 296. 

Triphenylgermanol, 297. 

Triphenylgermanium bromide, 294, 296-298, 361. 

„ „ chloride, 294. 

„ „ fluoride, 294, 296. 

„ „ iodide, 294. 

„ „ oxide, 294, 297, 361. 
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Tin. 

1 : 10-Bis-triethylstannyl-w-decane, 330. 

1 ; 5- „ „ -w-pentane, 330, 331 , 373. 

Dimethylmethylene stannane, 316. 

Disodium dimethyl stannane, 313, 315 , 316. 

„ diphenyl stannide, 320, 329. 

„ hexamethyl tristannane, 315, 316. 

„ tetramethyl-distaimane, 315. 

„ tin diphenyl, see Disodium diphenyl stannide. 

D odecamethylpentastannane, 316. 

Ethyl stannonic acid, 313. 

Hexabenzyldistannane, 327. 

Hexa-isobutyldistannane, 315, 372. 

Hexacyclohexyldistannane, 327. 

Hexaothyldistannane, 305, 306, 314 , 372. 

Hexamethyldistannane, 314. 

Hexaphonyldistannane, 327, 361. 

Hexa-n-propyldistannane, 315, 372. 

Hexa-^-tolyldistannane, 327. 

Hex a-y>- xyly ldistannane , 327. 

Methyl stannonic acid, 311, 312, 361. 
iao-Propyl stannonic acid, 313. 

Sodium tin triphenyl, 328, 329. 

Sodium trimethyl stannide, 304, 314. 
m/m.-Totrae.thyldi-'iwbutyl-distannane, 315, 372. 
syni- „ „ -m- propyl- „ , 315, 372. 

Tin di-&0&myl, 310. 

,, dibenzyl acetate, 325. 

„ „ chloride, 321, 325. 

„ dibromide, di-iodide, oxide, 325. 

” di-itfobutyl salts, 310. 

„ dicyclohexyl, 327. 

„ dicyclohexyl dibromide, 318, 325. ...... „ of . 

' dichloride, difluoride, dihydroxide, di-iodide, 325, 32b. 

’’ diethyl, 300, 301, 309, 313, 314. 

„ diethyl-w-amyl bromide, 331, 373. 

„ ,, '/.so- amyl bromide, 370. 

” „ „ * chloride, 370. 

„ „ -5-bromoamyl bromide, 329, 330, 373. 

!. „ iaobutyl bromide, 370. 

n cyclopentamethylene, 329, 330, 361, 373. 

” „ di-wo-amyl, 370. 

„ „ dibenzyl, 320. 

99 „ dibromide, 309, 311, 329, 330, 371. 

„ „ di-isobutyl, 370. 

„ „ dichloride, 302, 303, 309, 311, .313, ^360. 

„ di-iodide, 18, 21, 302, 303, 306, 309, 329. 

„ „ oxide, 309, 313. 

„ „ w-propyl bromide, chloride, 370. 

„ „ salts, 309-311. 

„ dimethyl, 313, 315. *oo w* 

-5-bromoamyl bromide, 329, 616. 

” -cyclopentamethylene, 329, 331, 373. 

”, ”, di-isobutyl, 370. 

diethyl, 18, 303, 360. 

; dibromido, ^,313, 315,316, 329. 

” „ dichloride, 303, 308 , 314. 

„ „ di-iodide, 308, 329, 371. 

,, ethyl bromide, 303. 

” „ ethyl propyl, 303. 

„ diphenyl, 320. 

„ „ salts, 308, 309. 

„ di-a-naphthyl, 327. 

„ diphenyl, 326, 327, 329. 

„ diphenyl aminochloride, 325. 
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Tin diphenyl chlorobromide, chloro-iodide, 324. 
dibromide, 324. 

dicbloride, 77, 225, 322, 323 , 324, 361. 

„ dietboxide, 324. 

„ difluoride, 324. 

„ hydride, 329. 

„ hydroxychloride, 324, 360. 

„ oxide, 324. 
di- ^-propyl salts, 310. 
di-isopropyl salts, 310. 
di-p-tolyl, 326. 
di-p-xylyl, 327. 
ethyl butyl dibenzyl, 320. 

„ di-isoamyl bromide, 370. 

„ dibenzyl iodide, 320. 

„ dibutyl benzyl, 320. 

„ di-isobutyl bromide, 370. 

„ phenyl dichloride, 326. 

„ ^-propyl di-isoamyl, 303. 

„ propyl dibenzyl, 307, 320 , 321. 

„ „ dichloride, 307. 

„ tribromide, 313. 

„ tri-isobutyl, 369. 

„ tri-w-propyl, 369. 
methyl ethyl dibromide, 303. 

„ „ dipropyl, 303. 

„ „ %-propyl deotfro-bromocamphor sulphonate, 307, 

^ f) „ „ -camphor sulphonate, 307. 

” „ iodide, 307. 

„ sulphate (basic)', 312. 

„ tribromide, trichloride, 312. 

„ tri-iodide, 301, 311, 312. 
isopropyl tribromide, 313. 

„ trichloride, 313. 
tetra-isoamyl, 302. 
tetrabenzyl, 318. 

tetrabromide, physical constants of, 371. 
tetra-isobutyl, 302. 
tetra-cyclohexyl, 317, 323, 325. 
tetraethyl, 21, 26, 300, 301 , 302, 305, 309, 361, 371 . 
tetramethyl, 301, 304, 305, 312, 315, 361. 
tetraphenyl, 13, 316, 321-324, 329, 360, 361. 
tetrapropyl, 24, 37, 302 , 371. 
tetra-a-thienyl, 318. 

„ -o-tolyl, 317. 

„ -m- „ , 317. 

„ -m-xylyl, 317. 

~P~ 9 317. 

tri-iso-amyl salts, 371. 
tribenzyl chloride, 320, 323, 325, 327. 

„ iodide, 327. 

„ ethyl, 320. 
tri-isobutyl iso-amyl, 369. 
tri-isobutyl salts, 306, 307, 371 . 
tricyclohexyl bromide, 319, 323. 

chloride, 318, 323. 
ethyl, 320. 

fluoride, hydroxide, iodide, 323. 
methyl, 319. 
phenyl, 319. 

„ „ p-tolyl, 319. 

triethyl isoamyl, 369. 

,, ft-amyl, 329, 330, 331, 373. 

„ bromide, 291, 305, 314, 330, 331, 371. 

„ -5-bromoamyl, 329, 330, 373. 

„ isobutyl, 369. 
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i m HiHfivl « *ct t' l m 'lutt**, 302, MHL 
„ M * ivl<% 302, ms, 314, 377, 

.. », rthvluO*, 371, 

.. ,, ••thyl .sulphonutts 302. 

„ IK. 300 ms, 309, 314, 300, 37i. 

methyl. IS, m3, 

,, „ |‘h<-m 1, 3.?/, 320, 

,, ,, ?i fiiujsvl, 505, 30.0, 37/. 

,» „ Kidt-H, iVi.I, 3W7 

,, tumid hv), 3H|, 303, 3//, 

M ‘ U*n/yl. 321. 

hrmmtlis 290, 300, 303, 55*/, 314, 321, 328. 

.. 3 i*n»muHmyl 330, 33/, 373. 

„ <4dt>ridt% tinurid<‘, 304. 

,, „ lOliyl, 302. 

„ „ Hhylufa, 303. 

„ », hyiirojtulis 305. 

»» „ „ , alaatriaal conductivity of solutions of, 305. 

,, M „ » complexes* of, 305. 

„ M iodide, 301, 302, 33/, 321, 37/. 

„ „ phenyl, 321. 

„ „ n propyl, 303, 

, i t.i iiiuolhylHtiiimyI)»ttinin<% 321. 

„ irim*4ltyl Milji!iid«% jfurmuto, imetata, 305. 

,, friphcityh 52<V, 30! , 

„ bromide* 322, 327* 30!. 

rhUmde* 3 IK, 322, 325, 300. 
r\r!«.hi’XVl* 318. 

„ „ ethyl* 319, 

„ ,* Ihmride, 322, 

„ hydride, 328. 

„ „ iodide* 319, 322. 

„ ** methyl, 319. 

, i* naphthyl* 318. 

„ „ p 04vl, 3 1 8. 

„ ** p xyiyh 318. 

„ tu n propyl iMiilmty 1, 309. 

„ tri propyl chloride, 3/W* 37/. 

M „ ’ iodide, 37, 302 , ;m> ML 

M | |j • isopropyl bromide, chloride, iodides, 336\ 37,/. 

„ Ui propyl milta, 300. 
tt fiTriw propyl 300. 

M fri'N fotvl bromide, chloride* iodide, 322. 

„ p „ , 522, 327. 

„ M „ chloride, litmride, 322. 

M fn m s.vivl thiotide, 322. 

p. „ , chloride* bromide, iodide*, 323. 

1 faHhUmhl Hueth\Efnnnyl lHWW,a01. 
i riimrthyUtrtimyl 5 1 1 im*'t h> Iplumbyl ^pentane* 330, 55i, 5/5. 

TrimHhy, 1 rial hylrimf atm me, 314. 

IVijibriiyOriuwthyldManmttMs, 328, 

Lead „ 

1 ; 5 10’t trimrthylplumhy! »'|KmOme, 330, 353, 372. 

Ifiimt imbrnyl mmm yl dihromide, 339. 

„ ,/ trio/waiiiyl, 375. 

M diiWmmyl dihromide, diehloride, 338, 

M M *, * ethyl propyl, 377. 
tl di'jWil’Hilyl elilombrtttititlo, 338. 

M M * dibromide, dleldoride, 338. 
dv velnhexvl dibromide, 342, 343. 

„ v diehh*ride* t!i*todide» sulphide, 348, 

M diethyl iMMinyi tdilt>rid«% 339, 
n M ’ »5,br»imuimy! brondda, 353* 

M iwbtiiyl mmmyh 377. 
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Lead diethylcyclopentamethylene, 352 , 353, 361, 379 . 

„ diethyl di-isoamyl, 376. 

dibromide, 338. 
di-isobutyl, 376. 

dichloride, 335, 338 , 351, 352, 360. 
di-a-naphthyl, 343 , 360. 
diphenyl, 338, 343 , 360. 
di-w-propyl, 376. 
di-sec.-propyl, 376. 
methyl isoamyl, 377. 

„ isobutyl, 377. 

„ propyl, 377. 
propyl isoamyl, 336 , 3 77 . 

„ sec.-amyl, 377. 

„ %-butyl, 377. 

„ isobutyl, 377. 

„ sec.-butyl, 377. 
w-propyl sec.-propyl, 377. 
estimation of in organic compounds, 334. 
ethyl isoamyl dichloride, 339. 

„ isobutyl dibromide, 339. 

„ -5-chloroamyl dichloride, 352, 363 . 

„ -^-propyl-w-butyl- isoamyl, 336. 
dimethyl sec.-butyl isoamyl, 377. 

di- isoamyl, 376. 1 , OOQ 

dibromide, dichloride, di-iodide, pxide, sulphide, chromate, 
di- isobutyl, 376. 
diethyl, 335. 
cli-w-propyl, 376. 
ethyl isoamyl, 377. 

„ sec.-amyl, 377. 

„ isobutyl, 377. 

„ sec.-butyl, 377. 

„ w-propyl, 336 , 377. 

„ sec.-propyl, 377. 
propyl iso-amyl, 377. 
diphenyl, 348 , 349 . 

carbonate (basic), 346. 
chromate, 347. 
cyanide (basic), 347. 
cyclohexyl bromide, 351. 

„ methyl, 351. 
diacetate, 346 , 347. 
dibromide, 342, 343, 345 . 
dichloride, 340, 345 , 360, 361. 
dicyanide, 347. 
dicyclohexyl, 342. 
diformate, 346. 
di-iodide, 342, 346 , 350. 
di-a-naphthyl, 342. 
dinitrate, 346 , 347. 

„ (basic), 346. 
di-p-nitrobenzoate, 347. 
di-o-tolyl, 342. * 

di-^-tolyl, 349. 
dithiocyanate, 347. 
di-trichloroacetate, 346. 
divalerate, 346. 
di-p-xylyl, 342 , 351. 
ethyl bromide, 351. 
iodate, 346. 
methyl bromide, 351. 
oxalate, 346. 
oxide, 346. 
phosphate, 346. 
propionate (acid salt), 346. 
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Dwl diphenyl sulphide, 347. 

»* ** p \viyl, 351. 

*> di*o propyl dieldoride, 338. 

»* di /Molyl dmeetate, 347, 348. 

»* »* dibromide, dieldoride, 347. 

»* ** diformate, 347. 

*» - di iodide, 347, 350. 

** » dinit rate, 347. 

** *» sulphide, chromate, 348. 

»» di w-\ylyl dieldoride, 350, 3HV. 

.* di /* \y!yi di bromide, 345, 348, 350. 

»» ethyl tri isoumyl, 375. 

»» >* trbwubutyb 375. 

»» ». tri- n propyl, 375. 

** met hy i ethyl dieldoride, 338. 

** « n dbiodide, ohromaie, sulphide, 330. 

*» m *> a propyl immxyl, 330. 

** ** *• •* wobutyl, 330. 

»» » « propyl hammy! chloride, 330. 

»» v. irb iwmmyl, 375. 

n *» tri ixohutyl, 375. 

*» .. trie thy I, 334, 333, 300, 374. 

.» „ frb n propyl, 375, 

** phenyl eyelohexyl methyl bromide, 351, 

»» « 'propyl woamyl dieldoride* mdphido, 330. 

»* ** iVibutyl di bromide, mdphide, 330. 

»» »» „ dieldoride, 330. 

• « ,» t re hammy i, 375, 

», .. Id iWdmiyl, 375. 

,i fetra hammyl, 333, 

M tetri* hadmlyl, 333. 

n Udriteyelohexyl, 34L 348, 

.» let methyl, 2b, 333, 300, 301. 

», tetramethvl, 833, 330, 301, 

,* let m phenyl, 317, 33V, 340, 343 340, 300, 301. 

** tetrad*' propyl, 333, 

„ t« tra>.ar..pr*»pyl. 333. 

„ tetri* o thienyl, 341. 

„ tetri* p tolyl 1 3 in, 347, 
i, tetra p \ylyl, 341, 

,, tri iwiamyl chloride, bromide, iodide, fluoride, hydroxide, 338. 
„ td iWilmtvl hwitmvl, 375, 

„ 1 1 * a butyl chloride, bromide, hydroxide, 337. 

„ tri r^obutyi chloride, bromide, iodide, fluoride, 337. 

„ tricyehdiexyl, 345. 

„ ,, „ bromide, chloride, fluoride, hydroxide, 345. 

„ „ „ iodide, 343, 351. 

„ tdHiiyl, 330, 

„ friethyl » amyl, 333, 37V. 

„ ,» mmmyh 33*% 374 « 

i , M wtVftmy!, 375. 

M „ l«*«ixy!,\m 378. 

,, ,, >5 bromoaujyl, 383, 37V . 

toimtyl, 33,% 374 . 

,, ,, *re,4iuiyl» 375, 

„ „ bromide, iodide* 330. 

„ ,, chloride, 33% 330, 300. 

„ by doable and salts, 33% 337, 339* 

„ „ miuiphtfiyh 378, 

M „ phenyl, 378. 

„ lopropvl, m 874. 

,, M O" tolyl! 378, 

„ „ p Uifyl, 378, 

,, trimrfhvt mmmyh 38*% 374 , 

„ „ I m irnidfs 330 , 33 1 , 334, 33% 353. 

,, „ a but \ 1, 33% 374. 
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Lead trimethyl isobutyl, 335, 374. 

chloride, 291, 334, 336. 
ethyl, 334, 338, 374. 
fluoride, hydroxide, iodide, 336. 
phenyl, 378. 

%-propyl, 334, 374. 
isopropyl, 375. 
sulphate, 331, 336. 
o-tolyl, 378. 

#-tolyl, 378. 
triphenyl, 349, 361. 

bromide, 341, 344, 351, 361. 
chloride, 343, 344. 
cyclohexyl, 342, 351. 
ethyl, 351. 
fluoride, 344. 
iodide, 343, 344, 349. 
methyl, 351. 
a-naphthyl, 342. 
p-phenetyl, 341. 
p-phenoxyphenyl, 342. 
sulphide, 344. 
p-tolyl, 341. 
m-xylyl, 341. 
p-xylyl, 341. 

tri-n-propyl isoamyl, 375. 

„ „ isobutyl, 375. 

„ „ acetate, bromide, chloride, fluoride, hydroxide, sulphate, 337. 

tri-o-tolyl, 350. 

„ -p- „ , 344, 350. 

„ „ „ fluoride, iodide, 344. 
tri- m-xylyl, 350 , 360. 

„ -p- » , 344, 345, 350. 

„ „ „ bromide, 341, 345. 

„ „ „ chloride, 344. 

1 -Triethylsflyl-4-trimethylplumbyl- benzene, 291. 
l-Trimethylstannyl-5-trimethylplumbyl-n-pentane, 330, 331, 373. 


Phosphorus. 

Dimethylamidophosphenyl chloride, 122. 

Biphenyl phosphorus chloride, 16. 

Ethyl dichlorophosphine, 35. 
Phenyl-^-tolylchlorophosphine, 94. 

Phosphenyl chloride, 77, 94. 

&-Toly Idichlorophosphine, 78. 

Triethylphosphine, 20. 

Trimethylphosphine, 18. 

Triphenylphosphine, reaction with thallic chloride, 360. 
Tripropylphosphine, 24. 

&-Xylyldichlorophosphine, 80, 95. 


Arsenic. 

Arsenobenzene, reaction with mercury diethyl, 35. 
Ethyldichloroarsine, 35. 

Diphenylchloroarsine, 77, 291, 340. 

Bithienylchloroarsine, 83, 98. 

^ aphthyldichloro arsine, 82. 
t *> »> » , 82. 

‘henylarsenious chloride, 77, 88, 91, 360. 

» i> oxide, reaction with mercuric chloride, 73. 

• « . » sulphide, reaction with mercury diethyl, 35. 

henyldichloroarsine, see Phenylarsenious chloride, 
‘henyldiethylarsine, reaction with mercury diethyl, 35. 
’hiehyldichloroarsine, 83, 98. 
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Triethylarsine, 20. 

l-Triethylsilyl-4-diphenylarsyl benzene, 291. 
Trimethylarsine, 18. 

Triphenylarsine, 226, 360. 

„ „ dichloride, 360. 

Tripropylarsine, 24. 

Trithienylarsine, 83. 

Tri-m-xylylarsine, 360. 

,,-p- „ , 360. 

w-Xylylarsenious dichloride, 80, 360. 
p m t> tt tt 1 360. 
m- Xy ly ldichlor oarsine, see m-Xylylarsenious dichloride. 

Antimony . 

Diphenylstibine chloride, 340. 

„ „ trichloride, 77, 340. 

Trianisylstibine mercurichloride, 142. 
Triethylstibinc, 20, 35. 

Trimethylstibine dichloride, 32. 

Triphenylstibino, 71, 88, 226, 360. 

„ ,, dichloride, 77, 360. 

Ti'i - w- tolylstibine mercurichloride, 71, 93. 
Tri-m-xylylstibine, 360. 

,, ,, ,, dichloride, 360. 


Bismuth. 

Bismuth triethyl, 34, 36. 

Di- a-naphthylchlorobismuthine, 300. 
Diphenylchlorobismuthine, 340, 360. 
Di-^-tolylchlorobismuthine, 360. 
Triethyibismuthine, 29, 41. 
Tri-a-naphthylbismuthine, 243, S( 0. 
Triphenylbismu thine, 77, 242, 360 
Tri-p-toiylbismu thine, 243, 360. 

Selenium , Tellurium. 

Selenium, mercury derivatives containing, 217 
Tellurium diethyl, 36. 

Tellurium diphenyl, 77. 

„ „ dichloride, 340. 
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